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Introduction 


A LARGE number of Leptocephali have been described from different parts 
of the World, but correlation by actual observation on the metamorphosis 
as done by Grass! and Calandruccio (1896) has been achieved only in a few 
species. Lea (1913) and Fish (1927) mention about 16 species of cels cf 
which the larval stages are known, most of them being correlated by myotome 
and vertebral counts, a character which remains constant throughout the 
Ufe>hi8tory of the eeb. 

The first record of Indian Leptocephali appears to be that made by 
Kaup (1856), who gave an account of Lqttocephalus acuticaudalus and 
Leploc^habu dussumieri collected from Malabar, Lqftocephabis ittarginatus 
from Pondickerry and Leptoe^hedus taenia from India. Later, Southwell 
ard Prashad (1919) described Lqitocephaba mibiei and Lqttocephabu 
wmiailarts obtained from the brackish waters of the Oangetic Delta. 
Apperently the latter can only be an advanced elver stage of the former, 
since the myotome numbers of the two are closely similar. A preliminary 
study of the eel eggs and larvs of the Madras Coast was made by Aiyar, 
U^y and Varkey (1944, Abstract). Recently, Oopinath (19^ has 

* Work cuTlsd out under a wAmm of neiardi ftnenoed by the Imperial CooboU of 
' AgrtoaRttrrf Reeaaieh. Nbw Drihl. 
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recorded the occorrence of the Leptocephahis and elver stages of Congnlbu 
anago along the Trivandrum Coast 

It may be mentioned here that Cantor (1850) described Ltptocq>habis 
dentex found in a partially digested condition m the stomach of Joknws 
dmeanthus at Pinang Kaup also recorded Leptocephahis taenia from the 
Maldives Deraniyagala (1934) describ d some apodal larva collected 
from Ceylon waters 

This bemg our state of knowledge of the Indian eels and their larva 
the present investigation is the first attempt to correlate the Leptocepbah 
occurring along the Madras Coast with the adult eels by allowmg them to 
metamorphose in the Laboratory So far two types of eel larva have been 
noted to occur commonly in the Madras Plankton during the months 
January to Apnl The occurrence of swarms of the Leptocepbah of 
Muraenesox dnereus and Afuraena macrura m the living condition m the 
Plankton collections made on the 11th April 1945 and 14th February 1945 
respectively gave a umque opportunity to study the changes undergone by 
them during metamorphosis The young eels thus metamorphosed lived m 
a healthy condition in the Laboratory tanks for about 2^ and 4 months res> 
pectively Based on the characters of the metamorpho«ed young eels it is 
possible to say that one type is Muraenesox cmereus of the Family Congnds 
character sed by the presence of canine teeth in the front parts of the jaws 
and on the vomer and that the other type is Muraena macrura of the Family 
Muraenids distinguished by the ongin of the well-developed dorsal fin before 
the giU opening and the ventral fin immediately behind the anus 

Metamorphosis of the Leptocephalus ot Muraenesox cmereus 
(ForskIl) 

Stage I t(Fte 1 ti”<l Photographs 1 and 2) 

mm 


Total Length 81 

Length of Head 5 

Length of Trunk 48 

Length from Anus to tip of Tail 28 

Length from tip of Snout to ongm of Dorsal Fm 20 
Maximum Height indudmg Vertical Fins 1 1 

Maximum Height excluding Vertical Fins 10 

Total Myotome number 138 

Anal openmg below Myotome 78 
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The Leptocephalus is conqiletely transparent with the body strongly 
compressed moderately elongate tapenng towards the head and the tail 
particularly towards the latter This is partly due to the presence of long 
caudal fin rays which are approximately double the size of the rays of the 
other vertical fins Head is elongated with a sharply ending snout Both 
the jaws are of equal length and carry teeth which are small pomted and 
directed forwards The cleft of the mouth is straight horizontal and extends 
to about the same level as the posterior edge of the eye The alimentary 
canal is straight and the anus opens to the outside below the 78th myotome 
The pectoral fin is small with faint indications of the rays The following 
coloration is quite characteristic Three to four stellate black chromatophores 
are present on the middle of the sides of the upper jaw placed at regular mter 
vals In the heart region similar chromatophores numberuig four to five are 
present In the region of the entire length of the abmentary caral and at the 
bases of the anal and caudal fins chromatophores are present with no regu 
lanty in their arrangement The dorsal and the pectoral fins are devoid of any 
chromatophores An extensively branched chromatophore is present m 
the xmddle region of each myocomma from the 17th myotome onwards 
These are regularly arranged m a line just below the level of the vertebral 
cohinm In the preceding myocommas there are only three to four 
chromatophores which though not regular in their arrangement are m a hne 
with the others 


Sta^e U (Fig 2 and Photograph 2) 

mm 

Total Length 73 

Lmgth of Head 6 

Length of Trunk 25 

Loigth from Anus to tip of Tail 42 

Length from tip of Snout to ongm of Dorsal Fm 11 S 

Maximum Height mcluding Vertical Fins 8 

Maximum Height exduduig Vertical Fins 6 5 

Anal opoung bdow Myotome 50 


In this stage certam changes have taken place mdicatmg that the larva 
has begun to metamorphose The larva m this stage is very active m its 
movements and is slightly opaque and cannot be regarded as completely 
transparent Of the noteworthy changes the dumnution of the height of 
the larva is very stnkmg Consequent on this change the dorsal and the 
ventral fins have become slightly wider and prominent There is also a pro 
portionate increase m the width of the larva Changes afiEectmg the shape 
of the head have commenced the snout havmg become very blunt the 
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larval teeth have begun to fall off. The anus has shifted fomud consider* 
ably and occupies a position below the 50th myctome. The blood in this 
stage is almost colourless except for a slight red patch in the vicinity of the 
heart. There is also a general increase in pigmentation. In the anterioi 
part of the snout a group of irregular chroma tophores has made its appear* 
ance. An increase in the number of chromatopbores is noted in this stage 
throughout the length of the alimentary canal. These chromatopbores are 
more concentrated on the dorsal side of the ahmentaiy canal than on the 
ventral side where they are comparatively few in number and are widely 
scattered. Along the bases of each of the rays of the anal fin chromato* 
phores have appeared in a row. In addition to these, a row of eight to ten 
chromatopbores is present in the anterior portion of the anal fin at the regior 
of demarcation of the fin from the body. The borders of the dorsal and anal 
fins contain a few widely scattered irregularly arranged chromatopbores 
On the body, though there is no increase in the number of chromatopbores, 
those that are present on the myocommas of the larva are slightly larger 
and more prominent than the others. 

Stage ni. (Fig. 3 and Photograph 2). 


Total Length . . 67 

Length of Head .6*5 

Length of Trunk .. 18S 

Length from Anus to tip of Tail . . 42 

Length from tip of Snout to origin of Dorsal Fin 10 

Maximum Hei^t including Vertical Fins 7 S 

Maximum Height excluding Vertical Fins 5 

Anal opening below Myotome . . 44 


Remarkable changes in the shape of the head have taken place in this 
stage. The height of the body has decreased considerably with a propor- 
tionate increase in the width. The blood has assumed the bright red colour 
and the larva has ceased to be transparent The larval teeth in this stage 
have completely dropped out. This and the subsequent stages are edcniu- 
Icus and the larw do not feed during metamorphosis. More chromato* 
phores are added in the region of the snout. A few chromatopbores are 
present in the anterior region of the lower jaw and in the region behind the 
eyes. Figment cells have begun to appear on the dorsal half of the body 
with a concentration at the base of the dorsal fin. On the margins of the 
dorsal and the anal fins small chromatopbores are present giving rn indica- 
tion of their coloration in the adult conation. 
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Stage IV (Fig 4 and Photograph 2) 

mm- 

Total Length 68 

Length of Head 6 5 

Length of Trunk 20 5 

Length from Anus to tip of Tail 41 

Length from tip of Snout to ongm of Dorsal Fm 9 
Maxmium Hei^t mcludmg Vertical Fins 7 

Maximum Height excluding Vertical Fins 4 5 

Anal opemng below Myotome 43 


The shape of the head has changed considerably the blunt snout giving 
the appearance of an adult eel The height of the body has decreased 
further with an increase in width The body has become completely opaque 
and white in colour The larva m this stage is very active and swims 
about m the aqtanum with great rapidity The anus has shifted still further 
and IS under the 43rd myotome The pigmentation is more pronounced in 
this stage The tip of the snout is dark due to the accumulation of chro- 
matophores Similarly on the tip of the lower jaw chromatophores have 
begun to concentrate Groups of chromatophores are present on the dorsal 
Side of the head and behind the eyes There is an mtensification of the 
uniformly spread chromatophores in this stage on the dorsal side of the 
body at the base of the dorsal fin and these chromatophores on the sides 
are arranged along the myocommas only A few scattered chromatophores 
are abo present on the myotomes Numerous chromatophores have formed 
on the e^es of the dorsal and anal fins givmg a shaded appearance to the 
borders of these fins A few chromatophores are found amidst the caudal 
fin rays 


Stt^e Y (Fig S and Photograph 2) 

Total Length 61 

Length of Head 7 

Length of Trunk 14 

Length from Anus to tip of Tail 40 

Length from tip of Snout to ongm of Dorsal Fin 7 5 
Maximum Height including Vertical Fins 6 

Maxunum Height excludmg Vertical Fins 3 


In this stage the metamorphosis is almost complete and the adult 
oharacters predomuiate except for the colour An indication of the adult 
coloration is discernible even m this stage The movement of the animal 
in a serpentine manner and dartmg away at the slightest disturbance is a 
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very much like the adult eel The body is muscular and more or Ims cylmdri- 
cal in shape The adult set of teeth has formed but they are very mmute 
in size The coloration is prominent owing to the new chromatophores 



Fw 3 Fio 6 

Pics 1-6 Head region of tbs tut stages m tiie mctanioipbosis oftbe Upteoqiliiliis o 
Muronuox dittrua x Ca 7 


wluch have appeared and by the spreading of the chromatophores alread 
present Hie coloration is brighter on the dorsal side of the head and th 
body and also on the margins of the vertical fins and the caudal fin Of 
the ventral half of the body also pigment cells have appeared partcularl 
alcHig the myocommas This is more pronounced on the posterior hal 
of the body The abdomen is free from chromatophores This pigmenta 
tKHi IS very hght when compared with that of the dorsal half of the bod} 
A narrow band without any pigment runs throughout the length th 
animal along the lateral Im^ This b^nd gradually disappears m the tai 
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SU^e VI (Fig 6 and Photograph 2) 

Total Length 62 

Length of Head 8 5 

Length of Trunk 12 S 

Length from Anus to tip of Tail 41 

Length from tip of Snout to origin of Dorsal Fin 8 5 

Maximum Hei^t includmg Vertical Fins 4 5 

Maximum Height excluding Vertical Fins 2 75 


Thu stage could be considered as the juvenile eel Most of the chro* 
matophores of the dorsal side of the head and the body have enlarged 
and fused with one another With the result that the young eel u uni- 
formly pigmented when viewed from the top, being brownuh black with 
the ventral portion of the head and the abdomen almost free from pigments 
The lateral line is indicated by a thin unpigmented streak The adult set 
of teeth u prominent 

The young eels were fed on the flesh of prawn and they grew rapidly 
One eel lived m the Laboratory tank for about 2^ months and its rate of 
growth IS as follows — 

1 month old eel 120 mm in total length 

2 month old eel 160 mm in total length 

2^ month old eel 180 mm in total length 

In the last stage the charactcrubc silvery coloration has begun to 
appear particularly on the abdomen of the eel 

The in^iortant changes that take place m the larva of Muraenaox 
dnereus during metamorphosu may be summarued as follows — 

The loss of the transparency of the larva The loss of the larval set 
of teeth at the commencement of metamorphosu The formation of the 
adult set of teeth after the completion of metamorphosu The gradual 
asBumpbcHi of the adult coloration by the formation of stellate brownuh 
black chromatophores The gradual acquuition of the red colour of the 
blood The sh^ting of the anus and the ongm of the dorsal fin to an 
anterior position Hie decrease of the body height with the vertical fins 
becommg more prominent and with a proportionate increase m the width 
of the animal The changes affecting the shape of the head 

It IS interestmg to mention here that these changes resulting m the 
Von^lete metamorphosu are undergone m the short tqne of a^out ten da^, 
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Stage / (Fig 7 and Photograph 3) 

Total Length 93 

Length of Head 4 

Length of Trunk 38 

Length from Anus to tip of Tail 31 

Length from tip of Snout to origin of Dorsal Fin 30 
Maximum Height induding Vertical Fins 13 

Maximum Height excluding Vertical Fins 12 3 

Total Myotome Number 216 

Anal openmg below Myotome 120 
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The larva of Mvraena maerwa can be easily distinguished from that of 
Mnrameaox etnena by certain characteristic features The larva are com* 
pletely transparent and are very slow in their movements It is not quite 
easy to locate them in water and the only sign to detect them is the promi- 
nent colour of the eyes When disturbed they roll sideways to form a 
spiral With the head in the centre which may be another deiice for protec- 
tion m addition to transparency Unlike the other Leptocephah they seldom 
make an attempt to swim away 

The body is remarkably thm and high and has a leafy appearance The 
two extremities are quite blunt and especially so in the caudal region The 
head is roughly conical with a blunt snout The lower jaw is pointed and is 
of about the same length as the upper one Both jaws carry strongly pointed 
teeth which are directed forwards The cleit of the mouth is strai^t 
and extends to about the centre of the eye The alimentary canal has a 
straight course and opens to the outside below the 120th myotome 
Though the aduhs are Without the pectoral fins they are present in the larval 
stages very near the gill opening The coloration is constant in this species 
particularly in the region of the head The eyes are coloured golden yellow 
and round the central circular black region are placed eight large stellate 
black chromatophores of uniform size These chromatophores are regularly 
arranged and are placed equidistant from one another The golden yellow 
coloration is also present as patches m the antenor and posterior regions 
adjacent to the eye The posterior patch is larger than the anterior one Black 
st^te chromatophores are present on the middle dorsal region of the alimen- 
tary canal At the bases of the anal fin the caudal fin and the postenor 
thi^ of the dorsal fin similar chromatophores are present arranged m a 
hne These chromatophores are not conspicious m the living condition but 
could be made out only m the preserved condition with the aid of a magnifier 

Stage n (Fig 8 and Photograph 3) 

mm 


Total Length 77 

Length of Head 5 

Length of Think 48 

Length from Anus to tip of Tail 24 

Length from tip of Snout to origin of Dorsal Fm 40 
Maximum Hei^t mcluduig Vertical Fins 113 

Maximum Height exdudmg Vertical Fins 1 1 

Anal openmg below Myotome 120 


Thu sta^ shows the commcDcement of the metamorphosu of the larva 
The larval teeth are shed completely and the larva remain edentulous for 
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the duration of metamorphosis and apparently Without taking any food 
The pectoral fins have begun to show signs of atrophy and in this stage they 
are considerably smaller than those of the preceding stage Ihe only other 
marked change is the reduction in the height of the larva There is no 
shortening of the ahraentary canal m this stage and the anus is under the 
same myotome as before But for the appearance of three to four small chro- 
matophores in the region of the snout and a slight opacity the coloration of 
the larva remains unchanged 


Stage III (Fig 9 and Photograph 3) 

Total Length 80 

Length of Head 5 5 

Length of Trunk 47 5 

Length from Anus to tip of Tail 27 

Length from tip of Snout to origin of Dorsal Fm 40 
Maximum Height including Vertical Fins 8 5 

Maxunum Height excludmg Vertical Fms 8 

Anal opening below Myotome 120 


Many changes have taken place m this stage of which those affecting 
the shape of the head are especially noted Ibe jaws, particularly the upper 
one have elongated and become more pointed The cleft of the mouth 
has mcreased in length and extends to about the posterior border of the eye 
The height of the body has decreased considerably There is no anterior 
shifting of the anus and its position is the same as in the previous stages 
The blood is faintly red and the larvae are more or less opaque They are 
more active than before and the slightest disturbance makes them swim 
rapidly in the aquanum The rolling habit of the larval stage is no longer 
obserW Pigmentation remains unchanged except for the appearance of 
a few more chromatophores in the upper jaw and a few pigment cells m the 


lower jaw 

Stage IV (Fig 10 and Photograph 3) 

Total Length 78 S 

Length of Head 6 5 

Length of TIrunk 40 

Length from Anus to tip of Tail 32 

Length from tip of Snout to ongm of Dorsal Fm 30 
Maximum Hei^t mduding Vertical Fins 6 S 

Maximum Height exdudmg Vertical Fins 6 

Anal opening below Myotoqie }09 
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The height of the body has diimmshed to a marked extent v^th a pro- 
portionate increase m the width of the animal The head has almost 
assumed the shape of the adult eel with the cleft of the mouth extendmg 
beyond the postenor limit of the eye The prominent pigmentation of the 
eyes has begun to disappear due to the gradual darkenmg of the peripheral 
region Ihe pectoral fins are represented m this stage as mere vestiges near the 
border of the gill operang Ctaly from this stage the anus beguis to move 
forward to occupy an anterior position bemg situated in this stage under 
myotome 103 The blood is Ivightly coloured and the vicimty of the heart 
18 bright red Hie transparency of the larva is completely lost the meta 
morphosing one being perfectly opaque The larvae are very active in their 
movem^s Brown chromatophores have appeared uniformly all over the 
head a% the body with a concentration on the head and the vertical fins 


thus giving an indication of the adult coloration 
Stage V (Fig 11 and Photograph 3) 

mm 

Total Length 69 

Length of Head 9 

Length of Trunk 23 

Length fonn Anus to tip of Tail 37 

Length from tip of Snout to ongm of Dorsal Fin 8 
Maximum Height includuig Vertical Fins 4 S 

Maximum Height excludmg Vertical Fins 3 


Hus 18 the final stage in the metamorphosis of the larva where the adult 
characters are assumed in all respects and the typical appearance of the 
Muraenid eel is reached even in regard to coloration The head has trans- 
formed completely with the cleft of the mouth extending postenor to the eye 
to about an equal distance as the length of the snout llie 'arval coloration 
of the eyes is completely lost and they are dark in colour The 
adult set of teeth has appeared The pectoral fins are completely lost 
and no trace of them could be seen m this stage The body is perfectly 
cylindrical due to the great reduction m the height of the larva The anus 
has shifted still anteriorly over a considerable distance Ihe vertical fins 
have become very broad and prominent The young eel is umformly 
brownish black due to the presence of numerous closely set stellate chro- 
matqphores 

These also feed voraciously on the flesh of prawns Orowth is rapid 
pn4 the rat 9 m pne specnnpn ^ as follows 
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1 month old ed . . . . 120 mm. in total length. 

2 month old eel . . 160 mm. in total length. 

3 month old eel .. 200 mm. in total length. 

4 month old eel . . . . 240 mm. in total length. 

As they grow the young eels become dark brownish Mack in colour (Photo- 
graph 4). 

Reviewing the changes undergmie during the metamorphosis of diis 
Muraenid larva into the adult eel, we find that these are essentially the same 
as those of Muraenesox dnereus with some characteristic differences. Ibe 
noteworthy changes are:— 

The loss of the transparency of the larva. The loss of the larval set 
of teeth at the commencement of metamorphosis and the edentulous con- 
dition cf the larva till the assumption of the adult characters. The gradual 
atrophy and the complete loss of the pectoral &is. The gradual assumption 
of the red colour of the blood. The shiftmg of the origin of the dorsal fin 
to an anterior position and the elongation of the head. The decrease of 
the body height to a consjderaUe extent leadmg to the cylindrical shape 
of the eel. Unlike Muraeresox dnereus, the adult pigmentatiim is not 
observed in the first three stages but when the larva reaches the fourth sUge 
the adult pattern is rapidly formed. The same is observed with regard to 
the anterior shifting of the anus which remains in the same position in the 
first three stages. The anus moves forward over a considmble distance 
during the last two stages. The vertical fins become wide and prominent 
only in the last stage of metamorphosis. The time taken for conqdete 
metamorphosis is about ten days which is about the same as that taken by 
Muraenesox dnereus. 

General Remarks 

It is well known that the European eel, Anguilla vulgaris and the 
Americal eel, Anguilla rostrata, migrate to the common breeding place in 
the Western Atlantic and that their larva, Leptoc^haba brevtrostris and 
L^toeq/haba grasst, have three and one years of pelagic larval life respec- 
tively before they reach their respective Coasts. Very little is known about 
the breeding places of the Indian eels. Deraniyagaln (1929) has ocdlectcd 
the elvers of Anguilla btcoJor and AngiAJJa elp/iinstatei {tarn the PCarl Banks 
and suggests (1934) the possibi'ity of Ceylon AnguUlida reproducing through- 
out the year in the Cental waters. According to Schmidt (Deraniyagala, 
1934) the sea west of Sumatra is the breeding ground of eels and from heie 
he has collected the tiny larva of AngiAOa Mcolor and Angidtta elfhinsmM. 
He considers that the larva apjffoach the Coast only at the end of their 
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pelagic hfc RahimuUah Mahmood and Kabir (1944) are of opinion that 
Angutlh bengaknsis breed in fre«hwater leaving its catadroinous breeding 
habits 

From tl e Madras Plankton only the final pelagic larval stages of the 
two Leptoccphali studied have so far been collected though regular coUcc 
tions have been made during the past ten years * If the eels reproduce 
throughout the year in the Coastal waters as suggested by Deraniyagala it 
should be possiUe to get at least a few of the earlier stages cf the larvae 
espeaally when they occur in enormous numbers This seems to show that 
the eels do not breed near the Madras Coast and that probably their breeding 
place is the open sea 

Grassi and Calandniccio (1896) have shown that L^tocephabts bren 
rostra takes <.bout a month for the transformation mto the elvers m the 
aquanum at Naples The metamorphosis is much quicker in the two forirs 
studied at Madras as they take only ten days to complete the metamorphosis 
This is to be expected owing to the higher temperature conditions m which 
these Leptocephali grew and metamorphosed 
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STUDIES IN THE GENUS COLLETOTRICHUM— III 


By T. S. RamakrisUnan, M.A. 

(Agrtckbmt Resurek Imtiiiae, Colmbaton) 

Reoowed Siplember 11, 1946 

(Coaunumcated ht Rao Hihadiir Dr. B. vmraiiatli. cjx, djc., f.ajc., f illc.) 

In earlier communications (Ramakrishnan, 1941)^* the parasitism of 
CoUetotrtchunt tndicum and the ocourcence of saltations in C. ctpsici Syd. 
have been dealt with. During tne course of further mvestigations it was 
observed that a close resemblance existed between these two species and 
some other isolates belonging to this genus. The results of these investiga- 
tions embodying the studies of certain aspects of the physiology of C. indicunt 
and the comparisem of the isolates from Cqpsicuum amuon (C. ccpstcl). Curcu- 
ma longa Syd. (C. curcuma Syd.). Aristolodiia bracteata 'Retz. and Cicer 
ariitimo n (C. agtsid) are recordi^ in this paper. 

Materials and Metikxis 

The isolate of C. indkum Dast. obtained from specimens sent by Prof. 
Dastur in 1938 was used. C. apsici was isolated from diseased specimens 
of Opsicum annuum from the Agricultural Research Station, Tahpaiamba 
(Malabar). Sundararaman (1^) and Thomas (1941) have recorded the 
oocurrmce of CoUetotrichum on Aristolochia bracteata in Coimbatore. 
The f\mgU8 was isolated from fresh leaf-spots on this host. Fresh speci- 
mens of diseased leaves of Qaeuma longa were obtained from Bhavani 
(Gmmbatore District) through the courtesy of Sri. A. Rathnavehi, the Agri- 
cultural Demonstrator, Bhavani, and the ftingus C. curewna was obtai^ d 
from these. C ice r ariettman was afifect ed by a hfight at Pnlinrhi (roitn- 
batore). This was found to be due to CoUetotrichum and this isolate 
was also in«^l»»dfd in the comparative studies. Sundararaman (1926) has 
recorded CoBeta tridaan ( ^ Vermicularia) on Ci^ ark*ftv^ 

The cuttures of the isolates were initiated from single spbrea and main- 
tained on other oat agar or french bean agar. Fetri-dish cultures were 
grown inside ah incubator' at 32” C. unleslB- Dtherwise stated. Ihe dry 
weights of the ftingus growths and the reaction of the ftnigus to diflEerent 
sources of nteogen Imd carbon wefe determined foBowjng the method de- 
scribed by WMiwlrrithnaii (1941i)^ For all inoculation experiments on 
cotton Q. herhoBum strain Hi was employBd. 
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A. Physiology of C. indicuin. 

Temperature relations . — ^The isolate gro^s well on agar media at the 
laboratory temperature {IT to 30“ C). The relative growth ard sporula- 
tion at other temperatures also were studied. The fungus was inoculated 
into Petri-dishes containing oat agar and french bean agar ard the dishes 
were transferred to controlled temperature chambers where the temperatures 
were maintained at 5“. 10“, 15“. 20“. 32“. 37“ and 44“ C. respectively. Closer 
intervals could not be utilised. The results were as follows:— 

Table I 



1 Oat agor ' 

1 /•renck UauaeMr 

Ttmpsratnre 

Dlametrr In 
mm. In 7 days 

Nature of growth | 

Diameter In 
mm. in 7deyi 

1 Nature of growth 

6* C. 


No growth 


1 

IJ* C. 

Slight devtiop- 


Not meahDrable. 


IS* C. 

31-3 

Dark growth, black stro- 
mata in tha centre, very 

M-0 

Dark, thin powth 
few acervafl 



few acervoll 


1 

SO* C. 

03 6 

Olive-black growth, grey 

28-5 

Blackcentre, Ugh- 



aenal mycellam, fair pro- 


ter onlalde, nn- 



dnctlon of ncarvnil. 


merou acfmill. 

3a* C. 

80-0 

Aenal mycelium pale 

73-7 , 

White and gray 



buff pi^acarvuli. 


meroai black elro- 
mata and pink 




facervull. 

37* C. 

82 -S 

Acer vu 11 fewer. 

No growth 1 

S4-SS 1 

Lom of aerial 
powth and fewer 
BcervnII. 

44* C, 



1 



The best growth occurs in the neighbourhood of 32“ C. among the 
temperatures under trial. Sporulation is evident between 15“ and 37“ C. 
and the maximum acervular development is at about 32“ C. There was no 
development at 5°C. but the fungus remained quiescent. When the dteb 
was transferred from 5° C. to the laboratory temperature after one week, the 
fhngus began to grow again and covered the dish in S days. The dishes 
kept at 44“ C. did not exhibit any growth and even after removal td the 
lalMratory temperature a week later there was no revival of the fhngUs. 
Continuous exposure to 44° C. for a week had evidently killed the fiingus. 
Ling and Yang (1941) have found that the Chinese isolate of C. indkum 
grew beat at 28“ C. This temperature, however, wa9 not included in the 
eaqieriments conducted here and therefore it cannot be said that the optimum 
tenqwrature for the local isolate is dWerent. But the same authen have 
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ako found that even in the Chinese isolate the highest genniration of spores 
and the maximum length of germ tubes are at 32° C. 

The dry weights of fungus mats grown in liquid cultures at different 
temperatures were ako recorded. The results are given below. 


Table II 


Tempentnrt 

Dr; weight in milligrammu 
of fangu DiAt (17 dnyt’ old) 

10* C. 

43-0 

IS* C. 

343-0 

SO* C 

S4S-0 

as's c. 

SSS-S 

82* C. 

sis-a 

37* C. 

iss-s 


These results show that liquid cultures follow a similar trend as the 
dish cultures. 

Temperature is known to influence the spore size ijn some fungi (Johann. 
1913, Ramalcrishnan, 1941, 3). Measurements of spores from the cultures 
kq)t at different temperatures were taken ard the mean length and fre> 
quency distribution are given below. 


Tabu III 


CliM In/t 

Freqnenc; dlttribation at 

Oat agar. 

15*C. 

. F, bean agir. 

30° C. 

Oat agar. F. bean agar. 

1 33° C. 

1 Oat agar. F. boan agar 

87* C, 
Oat agar. 

l»-40 

1 

S 

8 3 

IB 11 

18 

31->H 

86 

103 

111 101 

111 86 

88 

SB>ID 

sa 

so 

77 88 

68 01 

81 

SI -as 

6 

8 

S 4 

6 3 

1 

Mean loiigth In ^ 

M-1 

80-0 

SB-S 2B-6 

36-3 S5-e 

ss-s 


The spore length has been remarkably constant at all temperatures in 
this isolate. 


the optinnun temperature for infection of cotton was determined. 
Cotton seeds soaked for one hour in a spore suspension in distilled water 
were sown in pots containing sterilized soil. Twenty seeds were sown in 
each treatment. The pots were kept in chambers with air temperatures 
at 15°, 20°, 30° and 35” C respectively. Control pots containing sterilised 
soil sown with uninfected healthy seeds were ako kept. Ihe pots were 
kept iqider obsarvatiep for one week and the following results were obtained. 
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Tam IV 




Inocalatad 

I Control 

Temperatur* 

No. 

germinated 

No ofieedltnga 
Infected 

aermllnated | No of ..ediing. dead 

16* C. 

s 

1 

e - 

»° C. 

11 

8 

IS 1 - 

so" C 

14 

14 

16 — 

86* C. 

IS 

4 

16 - 


Among the temperatures included in the experiment mortality is high 
at 30“ C. 


Carbon and nitrogen sources on growth and jpondsllbn.— Different 
sources of carbon and nitrogen are knovm to influence the growth and sponi- 
lation of CoUetotrtchum in different ways To ascertain whether this 
isolate also behaves in a similar manner it was grown on media having a 
basic composition (Ramekrishnan. 1941, 3) to which equivalent weights of 
different carbohydrates or nitrogenous substances were added. 

Carbohydrates.— Tbe fungus was grown on solid and liquid media. 
The average diameter of the growth after 7 days and the average dry weight 
of the fungus mat in liquid media after 17 days were determined. 

Tablb V 


Statement showing the diameter of growth or dry weight in 
dfferent carbon sources 




Agar media 


Liquid media 


Carbon eaniiLe 

r lameter in 
mm 7 dayi 

Remark* 

pH at 

pH after 
17daya 

Weight of 
dry mat In 
mg. 

Sneroae 

68-3 

Naraeroni black and light 
einaceons fawn acerTnll 
with apKa tmaaaes 

4-4 

1 6-8 

S86-7 

Glocoae 

68-6 

Black aeleretlold bodiai 
and tag light vinacaona 
fawn apormbearlnga^erTnll. 

Mack aclerodold bodlea, 
accrvnil loan than In 
ancraaa. 

4-8 

7-S 

MS-S 

Maltoie 

80-3 

4-4 

7-3 

STO-S 

Laeloee 

71-0 

TMn growth, black nclorotl- 
old bodlea formed, few 
acerenll. 

4-4 

S'O 

107-6 

Staich (tolnble) 

74-5 

Thin white growth with a 
nnmber of drO> maaaea. 
Acervsil more than In 
lactoae. 

4-6 

7-S 

lSS-4 


Maltose and sucrose induce good growth but sporulatiofi is best in 
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Table VI 

Statement showing the growth of tkejmgus and spore length on 
different sources of nitrogen 


Dlmater of Spera length in mlcroni I 

P«»wihlii RXBIARU 

■ day i 

mm. Ruga I Mnn 


•0-a SO-38 27-7 Smoke grey growth, nnmeroai paia 

I vinacaonn acervnii all over the growth. 

43-6 30 - 32 15*S Pale amoke grey aerial growth mar- 

gin ragnlar, nnmeroai acervnii and 
black atromaloid bodiei all over the 
growth. 

45-0 30 - 30 27*4 Pale amok- grey aenal growth, 

nnmerona black etromatold bodiai 
acervnii scattered in growth, 

10-7 42 - 20 34*2 I hick growth, margin cruate, and 

ridged, pale olive grey aenal growth, 
very few acervnii. 

32*0 10- 31 23-1 Mealy, pale greyish vinaceona growth, 

acervnii more than In ammoninm anl 
phate, spore vacnolated, 

— No growth. 


Peptone serves as a good source of nitrogen. The growth is slow and 
sporulation less when anunomum sulphate or urea are used. 

Stahng.— The uniform rate of growth of the fungus for 10 to 12 days 
on agar media, does not suggest any accumulation of staling products in the 
early stages of its growth. But in liquid cultures maintained for over three 
weeks there is evidence of the development of staling prcducts. as no further 
increases in weight of fungus were obtained. In order to clear this point 
the Amgus was grown on filtrates from cultures 25 days old. The filtrate 
was mixed with fresh Richards solution in the proportion of 1 : 1 and auto- 
claved before use. The control consisted of RicI ards solution mixed with 
an equivalent volume of distilled water before autoclaving. The two sets 
of m^disi were inoculated from the same culture with equal quantities of 
inocuhiin. After fifteen days’ growth the fungus mat was removed and the 
dry weight determined. The weights were as followi:— 

Tabbl? VII 


Nadtoffl ued | Awkgb dry wslgbt of fangni mit Is mgm. 


nitrtta item editvrt of 

C. irngUim + Rlcluirdi m1«Um .. SS>S 

MAaidi MUtton + DUtllM water .. iaS'7 


Sonrea of 
Nitrogen 

Peptone 

Aiperogin 

PotaMiom 

nitrate 

Amtnoclnm 

Urea 

Petoetiom 
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From the above it is evident that staling products accumulate in cultures 
over three weeks old and these inhibit tie growth of the orgerum. The 
presence of these substances was fhrther demonstrated by allowing fresh 
seedlings of cotton (Hi strain) to stand with their roots and hypocotyl im* 
mersed in the filtrate (filtered through coarse filter-paper) of cultures 25 days 
old. The controls were kept with the roots immersed in Richard’s solution 
adjusted to the same pH as the filtrate. In 12 hours the seedlings kept in 
the filtrate wilted while the controls were quite turgid (Plate HI, Fig. 4). 
Ling and Yang (1944) state that they were not aUe to demonstrate the pro* 
duction of toxic substances. This may be due to the fact that the toxk 
staling products bad rot developed in the filtrate from 10-day-old cultures 
used by them. Under Coimbatore conditions it was observed that the forma- 
tion of staling products or their accumulation in sufficient quantity becomes 
evident only in old cultures. Further these authors have been studying an 
isolate of the fungus prevalent in China. It is quite probable that the Chinese 
strain and the Indian strain do not behave alike. This view is supported 
by the observation that the Chinese strain infects two varieties ot 
<?. hirsiUum. viz., Trice and Delfos— while all the isolates studied in Coimba- 
tore including the strain, kindly supplied by Dastur from Nagpur have not 
been found to be pathogemc on G. hirsutum but only on G. kerbaceim and 
0. nrboreum. This fungus has been under observation in South India for 
over twenty years and all through this period there has been no record of 
its occurrence on any strain of G. hirsutum though Combodia cotton 
(G. hirsutum) is cultivated over a large area in Coimbatore. Thus neither 
in nature nor by artificial infection was the fungus found to infect G. hirsutum, 
Dastur (1934) who described the fungus from Nagpur has recorded it only 
on G. arboreum. Consequently it is presumed t^t the Chinese strain 
behaves differently from the Indian strain of the fungus in some of its physio* 
logical reactions. 

Saitation.—K number of saltants were developed by this isolate on 
Richards agar and oat agar m the form of sectors or islands (Plate HI, 
Hg. 3). The saltants exhibited differences in the colour and texture 6t the 
gfowths and in the intensity of sporulation. Non-spore^orming saltants 
were also formed. 

B, Comparative study of C. indicum vtUh C capsici, C curcumas and isolates 
from gram (Cicer arietinum) and Aristolichia bracteata. 

A comparison of the eitcmal morphology of the different isolates under 
study revealed a very close resemblance to one another. The appearance 
of t^ acervuli on the respective hosts was similar. Very often they ekhibited 
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formation in concentric rings. Normally they are black with a well deve- 
loped stroma which projects outside the host tissue. On the stroma are 
developed long dark septate sets mixed with hyaline one-celled conidio- 
phores. Falcate (crescent-shaped) unicellular, hyaline conidia are formed on 
these conidiophores. When large numbers of spores are formed the spore 
mass on the acervulus assumes a deep to light pink colour. 

The size of the acervulus exhibits a wide variation in the same host, 
the range of variation being from 45 to 29Su. The range of variation 
exhibited by sets of any one isolate is very great. The size of the seta in agar 
cultures also vanes within wide limits 

The conidia of all the isolates of the same age were of the same shape. 
Measurements were taken of 2(X) conidia of each. The range of variations 
and the average measurements agree very closely. The following table 
represents the measurements of the spores of these isolates as compared to 
the original measurements obtained by different authors. 




Table VIII 




tixe of spore given by onginti 

Sue of sporee found 

on host baioe 

Sp«ci«a or Isolate 

aathort 1 

Author’! meason 


Length m 

Breadth n 

Length ft 

Breadth m 

C. tmixtum 

15-S8 

(Castor) 

1-8-4.1 

84.60 

(18-31) 

3.1 

s.t 

C. capita 

17- 18 
(Butler) 

18- 20 

(Sondararaman) 

1-4 

2S.3 

(10-31) 

C, curcamat 

8-5 

»■« 

(17-11) 

3.1 

C. on Ani/olockia .. 



14.4 

(10-30) 

3-2 

Cl o« gnim. 

21-14 

(Sondararaman) 

3-S 

84.6 

(11-18) 

3-1 


(Figures wilhu brackeu represent the range of measuremenu.) 


From the above table it can be seen that there is no difference in the 
spore size between the isolates. On the other hand, there is very close agree- 

On agar media the first generation of the isolates exhibits a medium 
proportion of pale grey to pale olive grey aerial mycelium and numerous 
acervuli with pink spore masses. When the same isolate is carried through 
a number of geperations the aerial mycelium diminishes in quantity. Shght 
diflferences are noticed between the isolates in the colour developed during 
ihp later geneigtions but these fal) within the roimal varial^ly of the Eapte 
i|0)ate or may be due to the formation of sa^tants, 
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In order to determine the hott range of these isolates inocnlation 
experiments were conducted mi G. herbaeemn, aauaim, Cker 

arktlmmi and Artstobchia bracteata. Fifteen inoculations were made in 
each case on the respective plants and the results recorded after seven days 
are noted below. 

Table IX 


Statement showing the number of positive bfections at the out of seven days 


laolBte 

Cotton loodllnfo 

Caautmm 

frnlto 

ArutaUth* 

loivoi 

CriiB 

•Mdllnp 

C. imAeim 

16 

4 

IS 

IS 



11 

14 

IS 

C. eureumat 


10 

IS 

11 

C. inm AruiUttha .. 

S 

i 

14 

14 

C, tnm qna 

8 

a 

10 

14 


The controls remained healthy in all cases. The isolates from Capsicum 
and Curcuma bnga do not affect cotton. All the isolates have infected 
varying numbers of the other hosts. 


Sansome (1938) has described how Reddick was able to improve the 
parasitism of Phytophthora infestans. He found “ that the variety of potato 
President is resistant to P. infestans. But after two passages through 
President by artificial infection the degree of virulence of P. trtfestans is 
increased so that the lesions formed on President are as large as those formed 
on a susceptible variety, Green mountain. This higher virulence is kqit up 
even after twenty passages through the susceptible variety.” A modified 
method was adopted to improve the virulence of the isolates of Cotteto- 
trichum. They were grown on sterilised cotton seeds tstrain HO of G. herba- 
ceum and after five passages through cotton seed, the cultures were used to 
inoculate cotton seedlings. The results were very interestinf . 

TaolbX 


Statement showing the incidence of infection of cotton seediings 
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The Teiults indicate that all the isolates can be gradually * educated * 
to become pathogenic on cotton seedlings which were not b^g infected 
originally, by growing the organisms cn sterilised cotton seeds for a number 
of generations. All of them do not become equally virulent and there is a 
difference in the speed of infection (Hate III. Fig. 7). 

Another ex^riment was conducted in which the cotton isolate was grown 
on sterilised cotton seed or Capsicum fruits for seven generations and then used 
for virulence tests on cotton seedlings. The following results were obtained. 


Tabu XI 

Statement dunging the virulence of the cotton isolate after passage 
through cotton or Capsicum 



The results show that the infective capacity of the cotton isolate becomes 
attenuated when grown on O^sicum fruits for a number of generations 
(Plate III, Fig. 8). When grown on agar media, however, the virulence 
is maintained for a much longer period. 

l^SCUSSION 

It is evident from the studies described above that the taxonomy of the 
isolates of Colietotridaon under study at present classified as three or more 
different species, is in need of revision. It is seen that these isolates produce 
saltants very readily on agar media and such changes are bound to take place 
in nature also. The factors that have guided the erection of these species 
shall be reviewed and their validity exajnined. 

The chief characteristics that are taken into conaideratioo in defining 
species axe the morphological characters, the dimension of the reproductive 
bodies, the acervuli and conidia and the pathogenicity eff the isolate. These 
shall be examined one after another to assess the amount of reliability that 
can be placed (mi them. 

The morpbobgical characters of the isolates under study resemble one 
another very closely. If they were not properly labelled it will be diflScult 
to (ttatinguiah one isolate from another. Ling and Lin (1944) state that “ in 
PoAipaiison with a number of spedea of Colhtotrtdtum such as C. drdmums^ 
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C. indiem, C. ttmcQtum and GbmereUa Heines, C. capsid diffen from 
them in no esiential way.” 

The dimensions of the acervulus fluctuate very much in the same isolate 
and consequently its size is not of much taxoiUHnjc value. Butler (1918) 
has recorded the size of the acervulus of C. capsid as 75-120^. The acervuli 
of the same species on the fruits of Capsicum collected locally have exhibited 
a fluctuation of 63 to 295 and on agar media the maximum readied was 
31 S/i. Ling and Lin (1944) state that the size of the acervulus of C. capsid 
on one host varied from 74-187 p while on another host the variation was 
from 97-288 /i. A structure which othibits such wide variation cannot be 
relied upon for specific differentiation. 

The seta formed on the acervuli have been known to be definitely 
influenced by the environment and substratum to a large extent. Sometimes 
their formation itself is suppressed. Ikata (1937) and Ramakrishnan (1941) 
have indicated that the seta cannot be considered to be of any consequence 
for the purpose of specific differentiation. The shape and size of the 
conidium form important taxonomic characters. In the genus CoUeto- 
trlchum the shape of the spore is usefbl in distinguishing certain species from 
others. The spores are either oblong, spindle-shaped, or falcate with taper* 
jug or blunt ends in different species, being more or less constant in the same 
species. The size is however influenced by the substrate and varies within 
limits. Yet its significance in specific differentiation cannot be ignored. 
Judged by these standards it is seen that all the isolates under study have 
similar mean dimensions of conidia and cannot be distinguished from each 
other either by the shape or size of the conidium. 

An undue emphasis has been laid on the pathogenicity of the isolates 
of this genus in differentiating species. C. copsid was &st recorded on 
Capdcum. Butler and Bisby (1931) have given a long list of plants serving 
as hosts for this species, l^ey are: Cqpstcwn spp., Sotamm nignan, 
S. xanthocarpum. Datura fastuosa, Wbiscus escubmtus, CanvaMa auifiamis, 
fruit of Vig^ catjattg. DoUchos ItA lab, Solanum iwlongena. Citrus sp. and 
Carica papaya. Ramakrishnan (ISMl) has observed the fbngus on Carthasmss 
tbutorbo. Ung and Un (1944) have noticed the fungus on fruits of 
tycopersicuiH esculentum causing a fruit rot in China. A wide host range 
is thus established for this species. C. aacmut was descrffied as cansiDg 
laaf4pot of Curcuma hnga, to which host it owes its spedflc name, 
fluodtriraman (192S, 1926) carried out a number of crosa-inoculationa w^ 
this isolate and consideTed that the fimgi on Cepslem and CSareiiM hufa 
b6|Wt| to the same ipedes, 
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Suddafarttnan (1922) liai however erected a new spedes C. dnt^beri 
(Vimiadaria zingiberi) causing leaf'Spot of Zingiber officinale. His decision 
was arrived at owing to (a) “ the difference in the measurements of sporo* 
dochia between the CoUetotridaan (Vermicularia) on ginger, turmeric, and 
chillies; (b) the character of the chalmydospores ; and (c) the negative 
reiulta in the cross-inoculations on chillies and turmeric.” In the paper 
describing this spedes the measurements recorded of tbe acervuli (sporo- 
dochia) are 50 to 140 /x for C. zingiberi and 35 to 160 /i for C. curcuma. The 
former comes within the range of the latter and does not exhibit any differ- 
ence. Appressoria (chlamydospores) are formed in all the isolates under 
study in the paper and no difference in their formation could be made out. 
It is questionable whether much importance can be attached to negative 
results of inoculation. In the absence of a thorough knowledge of the 
optimum environmental conditions necessary to produce successful infect 
tions there is every likelihood of failures of infection. The spore measure- 
ments were however found to agree with those of C. capsid. 

Dastur (1934) has erected a provisional new spedes of C. indicum 
causing seedling blight of cotton. The only difference he found m this 
isolate when compared with C. copsici was in its pathogenicity. He found 
that the isolate from cotton did not infect Capsicum nor C. ctpsid cotton 
seedlings. But the infection experiments carried out at Coimbatore with 
the two fungi have shown that both the isolates can parasitize the two bests. 

It can be seen from the above that the occurrence of the fungi on different 
hosts and the variation in the pathogenicity of the isolates had prompted 
the creation of new spedes of Colletotrichum. Species of this genus are 
not obligate parasites but facultative saprophytes capable of leading a sapro- 
phytic existence in nature. Specific differentiation on differences of patho- 
genicity alone is not a reliable guide with such organisms. The substratum 
on which the fungus grows for a protracted pened has been shown to 
influence the infective capacity of the isolates of this genus. Therefore the 
creation of new spedes cm the variation of the pathogenic capabilities alone 
of the organisms cannot be approved. More reliance has to be placed on 
stable characters. 

It is therefore concluded that all the isolates studied above should be 
included in one spedes. According to the rules of botanical nomenclature 
the name C. oqprid has to be adopted being the earliest. C. curema and 
C. MKcvn have to be merged into this spedes. The reasons for creating 
the species of C. tbigiberi (Sundararaman, 1922) are not tenable and thn 
fba|us has b|so to be brou^t under C. capsid which it resembles very much. 
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‘,Thc«utlior himself has stated that “there is a good deal of similariiy onoeg 
Che ginger. chiUies. and turmerjc Vemdeuk^ias in point of spore measvn* 
jnents.” These naist be considered only as strains or races of C. ctpiici. 
This species has a wide host range, and it produces saltants freely and the 
different races met with in nature might have arisen in a similar manner. 
Being associated with a particular host for some period the infective capa- 
city of the race on the particular host becon es pronounced. This accounts 
for' the variability in the pathogenicity of the races. 

1 am grateAil to K. M. Thomas, Esq., Government Mycologist. f<» all 
the help rendered in carrying out this investigation. 

SUIOIARY 

Studies on the physiology of C. indicum Dast. were made. The Amgua 
gjTows best in the neighbourhood of 32° C. The size of the conidium is not 
affected by temperature. Maltose and sucrose form the best sources of 
carbohydrates among those tried. Peptone serves as a good source of 
nitrogen. Staling products are formed in cultures over three weeks old. 
I^hrates of old cultures inhibit the growth of the fungus. Seedlings of 
cotton kept in these filtrates wilt in twelve hours. 

A comparative study of C. buUcum, C. ce^sid, C. cyreunue and isolates 
from gram (CIcer arietinum) and Aristobchia bracteeta was made. It was 
found that by growing the isolate on the tissues of a particular boat for a 
number of generations its pathogenicity on that host is improved. Thus 
the various isolates under study were able to infect cotton seedlings when 
they were grown on sterilised cotton seeds for five generations. The tako- 
nomic position of these isolates is discussed and it is concluded that all of 
them belong to one species. C. aqaici Syd. 
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Explanation of Plats 

1. Cotton leedUng affected by Colletotrleham. 

2. Ofowth of Colhiotrlduim (Cotton itrain) on 

(4 LacloK. (6) Maltoee 

(c) aiUEOH. (d) SucroM. 

3. Saltanta of ColletoiHehum (cotton) on Richanh agar. 

4. Eflbct of filtrate on cotton aeedlinii 

(o) Filtrate ^6) Richards soluuon (control) 

5. Nitrogen touroes and growth of Co'letotrlehum (cotton). 

(o) Urea. (6) Asparagin. (c) Peptone. (d) Potassium nitrate. 

(e) Ammonium ijlphate. (/) Potassium nitnie. 

6 EBkct of t e mper a ture on growth 

10" C 32 37 

I5»C. 

5* C. 20 44" C 

7. Cotton seedlings infected by (a) C capstd {Capskum strain), (A) C. capsk! {Arlslo- 
loeUa strain) grown on cotton seeds 

8. Cotton seedlings infected by Colletotrlchu-n (cott jn strain) (a) alter 7 passages through 
Capskum : (b) grown on cotton seeds 
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ADDITIONS TO FUNGI OP MADRAS— I 


By T. S. Ramakrishnan and K. Ramakrishnan 

{hfyeohgy Section, AgrteuUnral Rattarek IntUule, Coimbatore) 

Received October 10. 1946 

(Communicated by Dr. B. V. Nath, cj.a,, djc., f.r.i.c., f.ajc.) 

During a foray undertaken in March 1946, collections of fungi were made 
in the jangles round about Gionoor and Ootacamund in the Nilgiris district 
of Madras province. Among the collections were several new records for 
the locality and some which are new to science. Three of these fungi are 
described below: 

(1) Xenostele neoUtsea sp. nov. 

NeoHtsea zeylanica Merr. is a medium-sized tree common in the upper 
slopes of the Nilgiris in the neighbourhood of Ootacamund. Kotagiri and 
Naduvattam. At the time of the visit this plant was affected by a severe 
epiphytotic of rust in all these places. Numerous brown rounded woody 
galls were seen on the leaves and sometimes on the petioles and stem (Plate, 
Fig. 1). The galls on the leaves are more conspicuous on the lower surface, 
there being few or none on the upper. They are isolated or clustered to- 
gether and their diameter varies from 2 to 5 mm. But on the branches the 
hypertrophied portions are 2- 5 cm. or more in thickness as against the 
normal thickness of half a centimeter of the healthy part. Wherever a 
gall develops on the lower surface of the leaf a corresponding depression is 
visible on the upper surface. 

On the surface of the galls a number of rounded warts or tubercles are 
seen. The wart is ruptured and a whitish conical structure projects from the 
interior. In others a depression or cup-like cavity is present from whidi 
reddish brown mass of teliospores is visible. Two to thirty-two cups or 
more can be seen on old galls depending on their size. 

The gall is very hard and woody. In cross-section the tissue of the gall 
is found to be made up of a high proportion of thick-walled scalariform cells 
mized with parenchymatous cells packed with starch grains. Sunk in the 
galls are the cups of the teliosori. In the early stages a conical whitish to 
cream-coloured solid structure projects out of each sorus. bursting throu^ 
the outer surface. When the galls are young a number of these whitish 
structures are seen protruding out. These can be easily picked out by neetflea 
and they come off as “ stoppers ”, The conj^I strupture represents thp 
28 
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p^idium. When a section is examined the peridium appears as a solid mass 
made up of several layers of hyaline, thick-walled, sterile cells, rectangular to 
polygonal in shape and 40-80 x 17-19/* in size, closely united together and 
with a finely warty surface. In nature the peridial caps fall off after a time 
and expose the telia (Plate, Fig. B). 

Telia are cup-shaped, 300-400/* deep and 300-410/* wide. A pseudo- 
parenchymatous mass of fungal tissue develops from the bottom of the cup. 
The upper layers of this tissue are made up of elongated cells closely packed 
together (Plate, Fig. C). The teliospores originate from these cells. The 
teliospores are stalked with long hyaline pedicels up to 200/* in length. The 
pedicels easily break off leaving short remnants still attached to the spore. 
Each telium produces several spores borne in succession, the older ones 
being pushed up as new ones are formed. Thus an apparent resemblance 
to several layers of spores is produced. The remnants of the basal parts of 
the pedicels of old spores can be seen between the younger spores. Each 
teliospore is two-celled, elliptical or spindle-shaped, with rounded ends, 
dark reddish-brown and smooth-walled. The shape of the teliospore re- 
sembles a structure made of two cones united by their bases and having 
blunt apices. The spores measure 47x 26/* (40-56 x 24-29/*). The upper 
cell varies in length from 20-24/* and the lower from 20-32/*. The cavity 
of the cells is bell-shaped. One germ pore is present in each ceil— at the 
apex of the top cell and near the point of attachment of the stalk in the 
bottom cell. There is a slight constriction at the junction of the two cells, 
which in some cases becomes very pronounced. The two cells may separate 
from each other or be united only in the centre. 

The telial stage alone has been observed in this rust From its morpho- 
logy it is mahifiNt that it belongs to the genus Xenostele Syd. Two species 
of this genus have been recorded— Jf. echinacea (%^k) Syd. on Actino^hne 
mohdiina in Ceylon and X. Litseee (Pat.) Syd. on Utsea gla»ca—m 
Japan. The galls formed by X. echinacea are developed only on leaves and 
the telial cups are 200-250/* in diameter. Further the stalks of the spore 
are said to be golden-brown and twisted into bundles. The rust on NeoUtsea 
produces galls on stems and leaves and the cups are bigger being 300-410/. 
wide. The stalks are hyaline and not twisted into bundles. X. Utsea has 
been reported only on the leaves of Utsea glaaca and the spores have a rough 
surface as described by Sydow (1920). The spores of the rust on NeoUtsea 
are quite smooth and no warts have been seen even when they are examined 
widi oit oUdmmersion i^d^ctive. Since the host is different and there are 
diflhraices in the sire of the sonis, the nature of the pedicel and the wall of 
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the spore this rust is considered to be different from the other two species 
and 18 named X neohtsea 

Xawstele neohtsea sp nov — ^Aecia. pycnia, and uredia not known; 
telia sunk in woody galls formed on leaves and stem. 300-410/*, with a 
whitish conical pendium of many layers of sterile, rectangular to polygonal, 
thick-walled, and warty cells, teliospores two-celled, dark reddish-brown 
spindle-shaped, sometimes separating into individual cells. 47-0 x 26 0/* ; 
pedicelled, pedicels long up to 200/*. hyahne fragile 

Habitat — Oi living leaves of Neohtsea zeylanica Merr on the Nilgins, 
March 1946 Collected by C L Subramanian and K Ramakrishnan (type) 
at Ootacamund, ISth March 1946 Type deposited in the herbarium of the 
Government Mycologist Coimbatore and Herb Crypt Ind Orient New 
Delhi 

Aecia, pycnia et uredia non cognita, telia demersa Iigneis excrescentus 
formatis in foliis et caulibus 3(X>-410/*, albo conico pendio multorum 
stratorum cellarum stenlum rectangularum ad polygonarum crassomurato- 
rum, echmulanim, telio-spondia bicellata fusci rubricosi brunnet colons, 
fusifornua, interdum seperantia in duas cellas, 47 x 26/* , Pedicellata, 
pedicelU longi hyalini fragiles, ad 200/* 

Hab in vivis folii el rames Neohtsea zeyhaticea Merr Ootacamund 
(Nilgiris) lS-IlI-1946 C L Subramanian et K Ramakrishnan typus 
Typi specimena deposits in Herbano Government Mycologist Coimbatore 
et H^b Crypt Ind Orient, New Delhi 
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(2) Pseudopeziza rubia sp nov 

JbMa cordtfolla L a common clunber was effected by a leaf spot m 
die nei^bourhood of Lovedale and Coonoor (Nilgms District of Madfaa 
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Province) On the under surface of the spotted region groups of apothecia 
had developed Four to five apotheaa were present in each group These 
apothecia were saucer-shaped 0 5-0 8 mm in diameter roughly circular 
with incurved margins When fresh the texture of the apothecium is waxy 
but It becomes hard and bnttle on drying Young apothecia have a light 
buff colour but older ones turn dark on the upper surface The apothecium 
opens out when mature 

A section of the leaf through the apothecium (Plate Fig D) reveals 
that the latter is sub-epidermal in origin though the whole apothecium is 
outside the leaf and is carried on a short stalk-like structure 83 /i m length 
and 125 n in breadth This portion broadens out into the hypothecium 
composed of fairly large polygonal thin walled cells Above the hypo- 
thecium and below the hymemum is the narrow subhvmenial layer formed 
of small-celled tissue The hymemum is made up of closely packed asci 
and paraphyses The asci are hyahne more or less clavate and 70 x S 2fi 
(59-93 X 4-7 fi) The ascospores are eight m number uniscnatc and 
obliquely arranged They are hyaline long oval and 7x2 5^ (5 S-9 
X 1 5-5 /i) The paraphyses are as long as the asci filiform unbranched 
at the tip and hyaline 

P repanda (Fr ) Karst has been recorded on the leaves of Gahtan spp 
(G molbtgmi G horedhs G silvaticum and G aspenUa) (Batler and Bisby 
1931 and Saccardo 1889) and leaves and stem of Rubia tmetonan (Siccardo 
1889 and 1898) belonguig to the Rubiacete and PotentiHa cerasti belonging 
to the Rosacea Ot the last host the apothecia are seen on the stems and 
rarely on the leaves But the species now recorded is different from 
P repanda It has bigger apothecia and larger asci Further the size 
shape and arrangement of the ascospores arc entirely different from those 
of P repanda Therefore it is named Pseudopenza rubia 

Pseudopezixa nbia sp nov Apothecia hypophvllous gregarious light 
buff when young and dark when old concave roughly circular 0 5-0 8 mm 
in diameter, asc}, hyaline long-clavate 70 Ox 5 2 (59-93 x 4-7) /i asco- 
spores uniseriate. hyaline. 8 oblong— 7x 2 (5-^x 1 5-5 m)> Paraphyses 

fUiform, unbranched hyaline 

HabUai —On living leaves of Rubia cord^foha L Lovedale and Coonoor 
19-3-46 Collected by C L Subramanian and K Ramakrishnan Type 
dqiouted m the herbanum of the Government Mycologist Coimbatore 
and Herb Crypt Ind Onent. New Delhi 

^Mthecia hypophylla. gregaria, levi brunnei colons in juventu teet 
fUia coons m matuntate, concava, cerciter orbiculana 0 5-0 8 mm ml 
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diametro, asci hyalini, elongate clavata 70 0 x 5 2 (59-93 x4-'7) fir 
ascosporidia umsenata hyaUna 8 oblanga 7x2 5 (5-9 x 1 5-5)/*, para- 
physes filiformes simplices hyaltni 



no 2 a leaf widi apMkeoa b a portioA aptaried c parpafliyfu aad aiau x 

ffabitat in vjves folus Rubiao cordifoUv L Lovedale. Coonoor 
19-3-46, Leg. X. RaBaaknshnan et C L Subranuiuan lypi specinuBg 
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(ieposita m tterbano Government Kfycologist Coimbatore et Herb Crypt 
Ind Onent New Delhi 

(3) Pucdnia Lmkd Koltzch 

This rust was recorded on the leaves of Viburnum erubescens Wall 
Telia are epiphyllous and brown spots arc visible on the lower surface 
of the leaves Very often telia arc rug shaped erumpent and dark brown 
in colour Teliospores are pedicellate pedicels hyaline They arc two 
celled chestnut brown with hyaline prommeit spirsely arranged warls 
on the wall They measure 42 x 17 5 (30 75 51 x 10 2 26 7)/* They are 
elliptical with rounded ends slightly constricted in the middle with one germ 
pore in each cell — at the apex of the top cell and at the junction of the stalk 
in the lower cell 

Puccuua Ltnkli Koltzch has been described (Sydow 1904) on VUwmon 
pauciflorum in Amciica The rust on V erubescens resembles that closely 
and IS therefore identified as P Ltnku 



The authors acknowledge the help rendered by Mr MS Balaknshnan 
Research Fellow Mycology Section, in making drawings and by Rev Fr 
Smgarayar of St Joseph s Semmary Coimbatore in rendering the diagnosis 
into Latin Dr B B Mundkur of New Delhi and Mr K. M. Thomas 
99 
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Oovenunent Mycologist, Coimbatore, were kmd enough to go dirou^ the 
manoscript and we are grateftil to them for their help 
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EXPLANATION OF PLATE 

A Neolusea vvltmica leaf end stem showing the galls produced by the nut (Natural sue) 
B SectMO through the gall showing the telul cup closed by the stopper like pendium 
(a IOO) 

C A eiimlnr aecboa abowing the teho^onu and the teliospoias (x 100) 

D Section at npothecium of PtendopezUa rMm 
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A NEW RUST ON PREMNA TOMENTOSA WILLD. 

T. S. Ramakrishnan and C. K. Soiimini 

{Myfology Depanment, Agrtcultund Retearch Institute, Cobnbatare) 

RWMWd September 11, 1946 

(Coonuiucitod by R*o Bahadur Dr. B Viawanath, djc, f.r i c., cxe.. f.a JC i) 

tomeniota is commdn in the foot*hills of the Nilgiri mountains, 
in the neighbourhood of KalUr (Coimbatore District). In the monihs of 
December and January it is affected by a rust. 

The uredosori are formed on the lower surface of the leaves. Thqr are 
ndaute, croirded, pulverulent, mixed with the tomentum of branched hairs 
and in mua havingi a tawny olive colour. The sorus bursts throu|d^ the 
epidermis. A peridium is lacking but two or more rows of paraphyses are 
inresent all round the periphery of the sorus. These are incurved forming 
a pseudoperidial structure (Figs. A and D). The paraphyses are one to two 
septate, with the terminal cell long, often ^tt and club-shaped. The wall la 
irregnlarly thickened and light yellowish brown, rarely hyalin^. The 
uredosporea are borne singly on stalks. They ire oval or eUiptfca],|>romi- 
nently echinulate, brownish yellow in colour but with a hyaline spore Wall, 
The spores measure 29*5 X \9’5n (the range being 18'6 — 31-0 x IS'S 
-21'7). 

The tdeuto-sori are hypophyllous and columnar. The tellal cohimns 
are solitary but produced near each other. They origlnale from thd aub- 
epldermal portion and are surrounded by two or more rows of claVate^ 
incurved brown paraphyses as in the case of uredosori. The columns are 
fllUbrm. taudril-like and many of them are intertwined. Each ccdmin is 
lAoul 5~6 nun. in length and 25-35 n in thickness made up of 5-7 rows of 
oloaely united cells. The teleutoepores are one^xlled. sessile, obteng. yellow- 
oehre in oolour and measure 28-5 x S-Ti* (range being 17'l-44-9 X 4*7“ 
12*4). All the spores are closely united together (Plate V, Fig. B). 

The teleUtospore is capable of immediate germination, ^en portions 
of the tdial columns are Boated on drops of water kept on a slide Inside a 
molM chfember, lennlnBtion takes i^ace in 8-10 hours at room ttmpcniture 
(28*0, A stout, 4-celled baskUum grows out of the spore, From each 
14 35 
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cell a short sterigina develops and on this a hyaline round or oval basidio- 
spore is formed (Plate V, Fig. C). 

Fetch (1911) has described Cnnartium premm on Prentna corymbosa 
R. and Willd from Ceylon. Sydow (1918) amended this as Crossopsora 
preirma (Fetch) Sytl lihc uredospores of this fungus are stated to be 
20-28 by 16-19 w; thick-walled, hyaline clavate paraphyses are present 
in the uredosorus. The teleutosori are several millimetres in length and 
about 50/i in diameter and the spores arc 40-58 X 8/*. 

The rust on Premna tomentosa, however, belongs to the genus Crossop- 
sora. Since the uredosorus has no peridium but has a ring of incurved 
paraphyses round it, this rust cannot be a Cronarlhim but only Crossopsora^ 

The rust on Premna tomentosa differs from that recorded on P. corymbosa 
in having thinner telial columns and fmaller teleutospores. Since it has 
not been recorded before and is new it is described as Crossopsora premna- 
tomentosa. 

Crossopsora premna-tomentosa sp. nov.— Uredosorus hypophyllous, 
minute, crowded, erumpent, pulverulent, with a ring of incurved, 1-2 septate 
light-brown paraphyses ; uredospores oval to elliptic, echinulate, contents 
brownish yellow, wall hyaline, 29*5 x 19f*; telcutosorus hypophyllous, 
filiform, surrounded by a ring of several rows of paraphyses at the base, 
dark brown, 5-6 mm. in length, 25-35/* in diameter, teleutospores sessile, 
one-celled, united, oblong, yellow-ochre in colour 28-5 x8'7/i. 

Habitat.— In living leaves of Premna tomentosa Willd. at Kallar, Coim- 
batore District, January 6th, 1946 (Soumini and Kiishnamurthy). Type 
specimen deposited in the herbarium of the Government Mycologist, 
Coimbatore. 

Crossopsora premna-tomentosa.— XJredosoTa hypophyllis, minutis, gre- 
gariis, erumpens; pulverulentus, paraphysibus, numerosus, 1-2 septatist 
introrsum curvatus, levi brunneis; ur^osporis, ovatis, v. ellipsoides, 
echinulatis, flavo brunneis, 29-5 x19'j; episporio hyalinis; teleutosoris, 
hypophyllis, filiformibus. circumdatum annulo gradum multorum para- 
physium basi, fhscum, S-6mm. long, 25-35 1 * lat. ; teleutosporis arctecopnexis, 
oblongatis, 28-5 x 8-7/1, ilavus ochraceus. ^ 

Hob. in vivis foliis Premna tomentosa Willd. Kallar, Coimbatore Dis- 
trict, 6-1-1946 (Soumini and Krishnapaurthy). 
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We are indebted to Mr. C. S. Krishnamurthy for helping in the collec- 
tion of specimens, to Mr. S. N. Chandrasekhara Ayyar for the identification 
of the host and to Rev. Fr. Singarayar of St. Joseph’s Senunary, Coimbatore, 
for the Latin translation of the diagnosis. 
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Explanation of Plate 

A. Photomicrograph of a uiedosorua (x 400). 

B Photomicrograph showing portions of (dial columns and some uredospores 
fx 400). 

C Oermination of leteutospores (x 600) 

D Drawing of a section through a uredosorus (x 1020) 




FRUIT ROT OF TOMATOES CAUSED BY 
PHYTOPHTHORA PALMIVORA BUTL. 


By T S Ramakrishnan and C K Soumini 

{Mteobgy Dtpartment Agile tltutal Research InslUute Coimbatore) 

Received June 15 1946 

(Communi ited by Dr B Viswanaih cie dsc pric) 

During the north-east monsoon period m 1944 and 1945 a fniit rot disease 
of tomatoes was in evidence at the veget iblc productic n eentre at Ti diyalur. 
Coimbatore district The crop was raised in t fuld where the phnts were 
not propped The disease became evident soon after 1 c vy rains in October 
Since the propping was not done sevtnl bniichcj were sprcidmg on the 
ground and constqucitly some of the fruits borne on these branches were 
at times in contact with the wet soil Such fruits were the first to be affected 
Nearly 25 per cent of the fruits Were involved The disease later on spread 
to fruits borne on lugner branches also 

The disease was observed mainly on the fruits In a few instances the 
young shoots touching the soil were also nflfectcd The stem and the 
branches at this region were firet discoloured with a dull green water soaked 
appearance but later these turned diik brown aid rotted F'uits of all 
sizes were affected On green fruits the duieasc commences at the blossom 
end or at the side wh wh touches the soil in the foi m of small watcr-soaktd 
spots These increase rapidly in size and in the course of 3 to 4 days the 
entire fruit becomes i volved The fruit assumes a brownish colour, is soft 
to the touch and the kin easily pccL off Tn wet weather the fungus grows 
out and forms a whil flaffy growth on the surface Sometimes, corccntric 
markmgs may be seen m the affected portions and the external fungal growth 
also assumes simd ir distnbution (sec photogi nph) The orgai ism causing 
the disease was found to be a Phytophthora aud numerous sporangia were 
detected m scrapings of the external giowtb 

Fruit rots of tomito caused by Ph}tvpht}iora have been recorded from 
all over the world Tucker (1933) has recorded a rot of fruits near or m 
contact with soil as tl e most common type of infection caused by Phytoph- 
Aora parasitica Dast Rcddiek (1920) has describ'd the occurrercc of a 
disease in glass houses in N w Yoik causing girdhi g of the stem and rapid 
rotting of fruits due to P parasitica Dist P mfestans de Bary has been 
known to infect fruits in various countries CTueker, 1933) Buckeye rot of 
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tomatoes m C Lfomia is ascribed to P dreschskri Tucker and P et^ukt 
Leonian (Tompkins and Tucker, 1941) LavcU4e (1941) has recorded 
P parasitica Dost as responsible for buckeye rot Tliua toaato fruit rot 
IS widespread ard is reported to be caused b]f different species of Phptophthora 



Pu 1 Sporangia fhxn toaato (hiitt (X400) 

Ao 2. Sfioriogu Pom cii]tuie(x400} 

Fki 3 ChlamydospoTM Aom cultuio (x48|> 

Ifka 4. Ooepont fbnnod a oombnatioa with apotbar Mnin (x4W) 

The organism causing the disease at Cdunbatore was isolated into fsira 
catture ffom a single sporangium It grew well on oat and french-beaa 
agar media N-imerous charactenshc sporangia and chlamydbspores were 
produced. The sporangia are oval or pear-shaped, papillatv, mamHf 
temlnal and measure 33 4 x 22 6(4 (18 6-46 5 x 13 5-37 2 a) (Pigs lataf 
2)f The ohlamydo^pores are sphencal, hyahne or light yeflowish brown in 
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colour The colour is developed in the wall of the older chiamydospores 
They were formed terminally or more often intercalary ard measured 
23 4 x20 5/t (15 5-31/*) (Fig 3) Oospores were not formed 

The pathogenicity of the organism was established by inoculation 
experiments of the fruits on growing plants and detached fruits kept in 
steriliz'd moist chambers The plants with the fruits (grown m pots) were 
placed in glazed cages kept moist by having a layer of moist sand at the 
bottom and frequent sprayings with sterile distilled water The fruits were 
young and green All the inocul ited fruits were infected and in 5 days they 
rotted completely The detached fruits were green bigger and more mature 
These were infected in 3 diys and completely rotted in 6 days In both 
cases the same fungus was recovered from the infected fruits The controls 
remained healthy throughout 

The organism is able to infect young brai ches and leaves of tomato 
These become involvui m a blackish green wet rot and the rotten portions 
fall off or the stem breaks at the point of infection With the severance of 
the infected branch or stem the spread of infection is arrested 

The organism infects the fruits through unwounded surfaces Inocula- 
tion experiments showed that infection can take phee through any part of 
the fruit Bits of culture were placed on the fruit near the stalk stylar end 
and other portions of the fruit and in all cases infection occurred The 
hyph» ramify through the tissues of the fruit being both inter-cellular and 
intra-cellular Tne aiLcted tissues became soft and discoloured 

The average dimensions of the sporangia Und chiamydospores of this 
Phytophthora agree with those of P arecce (Coleman) Pethybridge, 
P po/m/voni Butler P meadu McRae andP porariticu Distur Tucker (1931) 
IS of opimon that “ the dimensions of sporangia considend independently 
of other characters caimot be accorded much importance taxonomically 
The same may be said to apply to the dimensions of chiamydospores also 

The fungus was grown m paired culture with two strams of Phytoph- 
thora isolated from arccanut and kindly supplied by Dr Uppal, Plant 
Pathologist, Bombay Oospores were produced with one of these strains 
but not With the other The oospores were spherical yellowish in colour 
and measured 20 0/* in diameter (range 15 5-24 8/*) (Fig 4) 

The isolate from tomato closely resembles one of the strains isolated 
by Uppal and Desai (1939) from arecanuts (Nilekam stram) and is similar 
to the strain found on arecanut in South Kanara A more detailed study 
including all the South Indian isolates of Phytophthora and others obtained 
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from elsewhere is being carried out in this laboratory and will form the 
subject of a further communication. 

Control 

Espsrience in other parts of the world has shown that when the tomato 
plants are sprayed with Bordeaux mixture the fruit rot disease is controlled. 
Further it is noticed that the disease commences on the fruits lying in contact 
with the soil If it is possible to prevent this, the incidence of the disease 
can be lowered. Tnis can be accomplished by staking the plants or tying 
them to frames and thus prevent them from trailing on the ground. Further 
the plants and fruits must be sprayed with Bordeaux mixture. 

Summary 

A fruit rot of tomatoes was prevalent in Coimbatore during the rainy 
season. Fruits ui contact with the soil were the first to be affected. 
Phytophthora was isolated from these fruits. The fungus was found 
to resemble P. palmyra Butl. (areca strain from S. Kanara). 
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As against the exhaustive studies of British parasitic copepods by Scott,* 
of ATi’rican forms by Wilson* and European speaes by Brian** ard 
Hinsen,* our knowledge of copepods parasitic on Indian fishes is poor 
Bassett Smith ' Kirtisinghe ® Thompson * Wihon* and Brian*" and Grey 
have recorded and described a few forms Hence a full description of this 
parasitic caligid copepod was deemed not superfluous 

This parasite was found attached to the tip of a gill filament of the first 
gill of Scuma glauca It measures 1 7 mm , the setee of the anal plates 
included (The frontal area is 1 mm , the cephalothorax 7 mm ; abdo- 
men 7 mm : the anal plates and seta 2 mm ) The frontal region is 
marked by the possession of two large lunules visible even dorsaUy 
Examined ventrally each sucker appears like a deep spherical cup The 
rim of the cup is turned in to form a flat shelf This edge of the sucker is 
not entire, being cut up anteriorly and the two cut ends overlapping each 
other to a slight extent The entire lunule is clearly formed by the folding 
of the edge of the frontal plate Medially the anterior border ot the frontal 
area shows a projection on the /entral side This projection is a median 
sucker-like fold of the frontal edge and occurs just where the frontal filrirert 
would have been during the Chahmus period in the development The 
persistence of this sucker along with the well-developed lunule shows that 
It has just passed the Chahmus stage The frontal area is also marked by 
the occurence of the 1st antennas whose basal joint appears continuous with it 
The cephalothorax is almost circular in shape being 7 mm long and 
*75 mm broad (Fig 1) The cephalc area is marked off from the thorac c 
area by a semi-arcular groove The carapace as well as the rest of the body 
appears whitish, transparent and free from colour marks The posterior 
edge of the cephalothorax area extends dorsally over the free thoracic seg- 
ment which IS clearly visible from the ventral aspect With the convex 
form of the cephalothoraac shield and the flattened or sLghtly hollowed 
form of the sternal plate of the third thoranc segment, a cupping adhesion 
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can be effected by the body of the parasite whenever necessary. The fact 
that the cephalothorax is formed of ten segments (the seven-segmented 
cephalon as well as three segments of the thorax united with it) is obvious 
from the ten pairs of appendages found on the ventral side. On the dorsal 
side the double median eye can be made out. 



Fw. 1. Donat view of Caligm jcivw x 73-3. 


Fio. 10 III Swimmiiia tog. 

Fn. II. IV Swimming leg. 

Fki 12. V TboracK legi and the genital aegnieiit: 

1 Free thoracic legment 4. Venigial fifth leg 
2. Fourth iwtanmng 1« 5 Oenital segment 

3 Fifth thoracic foment. 6. Second abdominal legment 

\st Antenna (Fig. 2) is three-jointed, the basal joint being as broad 
as the lunule itself. It is heavily armed with about fifteen stout spines while 




htd Antama (Fig 3) is two-jointed, the pronnul joint being stouter 
than the distal, which is long, slender and terminates in a sharp curved 
spine. On the inner side are seen two grooved plates. 
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Afandlble is long and slender, toothed like a saw with the distal tip 
curved inwards. The mandibles are connected with the mouth tube, in 
the posterior part of which the teeth at the tips of the mandibles can be 
made out. The lateral walls of the tube are supported by three rods on 
each side, there being no transverse rods supporting the lower lip. The 
mouth IS reniform m outhne. 

\st Maxilla (Fig. 4) is attached more outwards than the base of the 
second antenna but a little posterior to the front edge of the mouth tube 
containing the mandibles. It consists of two distinct joints. The basal 
joint IS short and stout made stouter by the occurrence of toothed plate or 
lamina representing the exopodite or palp (F. Scott). The distal joint is very 
decidedly hooked and with its two sharp recurved spines must help in 
attachment. Wil>on described only a simple claw; the occurrence of two 
in the parasite is noteworthy. 

2nd Ma^dlla which is nearly as long as the first maxilla has a colunmar 
base and tapers to a blunt point (Fig. 6). A small many-toothed lamina at 
the base probably represents the exopodite of this appendage (Wilson 
describes two seta; and considers them as endopodites and the main structure 
as the exopod). 

1j/ MaxilUpede (Fig. 5) is a very prominent appendage. It is distinctly 
three-jcinted. The first t\^o joints are long and stout while the third is 
longer and more slender, and appears to be capable of considerable move- 
ment. It ends in three sharp claw-like spines. There is a single-toothed 
plate at the base, indicating the endopod. 

Ind MaxilUpede (Fig. 7) arises nearer the mid-line and consists of two 
distinct joints. The basal joint is large and swollen and flattened. It bears 
a distinct tooth on its anterior border m this form, the terminal claw-like 
part folding like a knife-blade. At the outer part of the stout basal joint 
where the rest of the bmb folds back can be seen a toothed bony plate rising 
from the posterior border of the base. At the very bottom of the basal 
joint on the medial aspect can be seen another toothed plate, not unlike 
those described before in the maxills. As this occurs on the medial aspect 
it is probably homologous to the endopod. 

\sl swimming leg (Fig. 8) as well as the second and third swimming legs 
indicate the thoracic segments which have united with the cephalon. The 
first leg however is uniramous like the fourth leg. It is three-jointed. The 
basal joint is short and stout. Its outer margm bears three sharp spines 
while the fourth spine borne by the body projects tailward. The second 
joint is longer by half the length of the first and bears a spine at its outer 
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margia The distal joint bears three straight spines poirting outwards and 
a fourth spine directed backward These spines are provided with tne 
hairs Tne second and third joints represent the exopod 

2nd swimming leg (Pig 9) has a short stout basal joint bearing both the 
exopod and the endopod The inner ramus of the limb is three-jointed 
The first joint has a toothed posterior edge and bears a spine at its outer 
margin, the second joint is shorter and bears a tooth at its outer edge while 
the third is flat, broad and orbicular It is fringed with nearly ten long 
plumose set® The exopod is longer chiefly due to the first two joints which 
are similar to those of the endopod Tne third joint bears on its posterior 
edge about the middle of its length, two short spines and at its distal margin 
bears eight long plumose set® 

2rd swimming leg (Pig 10) is attached farther from the mid line because 
of the enlargement of the sternal plate of the segment The natatory 
function of this appendig,, is unmistakable for even the basal segment is 
broad and flat It is fringed on the outside by numerous short hairs and 
also bears two long plumose seta on the v^atral side of the outer edge the 
endopod is foliaceous and three*jointed The outer two joints bear nearly 
ten b ig plumose seta The exopod is also three-jointed, the outer two 
joints bear nearly ten long plumose seta 

^th swimming leg (Big 11) is uniramous, the endopod being absent It 
IS fo jr-jointed Tie basal segment is stout as in the other legs The first 
joint of I no exopod is by far the longest forming nearly half the length of 
the limb Tne second joint is short but is produced into a long spine at 
Its outer margins while the third is slender bearing four apically directed 
spmes with a fifth spine at the distal end All the spines or seta are 
plumose. 

Sth swlmndng leg (Pig 12) represents a fifth thoracic segment as pointed 
out by Wilson This occurs on the ventral side of the “ genital segment ’’ 
But as can be seen in the form described in this paper, these appendages 
really spring from the front part of the ** genital segment” This antenor 
part of the segmont is separated from the genital segment proper by a dis* 
tinct groove. Therefore the genital segment is regarded as really the 1st 
abdominal and not as the fifth thoracic segment as Wilson has done 

Toe abdomen is three-jointed The gemtal segment is nearly twice as 
broad as the succeeding segment, and nearly four times as long There are 
no vestiges of appendages or other indications to show that this genital seg- 
ment may be a composite of two segments fused into one The segment 
behind it is broader than long while the third and last segment is longer than 
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broad It ends in an obtuse point on either side of which the anal plates 
occur Eich lamina bears three long plumose seta on its posterior side 
and two stouter spines one at each of the posterior corners The absence 
of special structures on the antenna and of special plates on the 1st manlli 
p°de usually used for prehension by the mate make it probable that the 
parasite is a female The size of the genital segment also does not contra* 
diet such a conclusion The persistence of the median sucker (the relic ot 
the frontal filament of the Chahmus stage in de/clopment) as well as the 
absence of any trace of the egg strings both argue the immature condition 
of the subject This also serves to explain the occurrence of the fifth pair 
of thoracic legs (though in an unusual condition and position being pressed 
against the body) whereas these usually disappear in a mature female The 
occurrence of this species of Caligus on Sciana glauca of the Madras Coast 
IS noteworthy since Caligus (Saamphlus Van Beneden) Benedent sp nos 
described by Bassett S nith ^ was taken from Scrnia diacanlhus trom 
Bombay and later recoroed from Ceylon by Thompson ' This species 
C Benedent differs from the form described in this paper in having the 
cephalothorax only a fifth of the whole length and being much less broad 
than the genital segment, the lunules being very small, the basal part of 
the 1st antenna having only twelve plumose sets and the second joint having 
two long spines, the 1st pereiopod having three long end bristles and three 
moderately long plumose sets on its posterior border, the genital segment 
being rather long than broad, and the abdomen being single jointed In 
view of these differences the present form is described as Caligus sciana 
n sp m this paper 
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The experinlent on Mytilus. frog and mamma ban muscles lave been 
continued on the unstriated muscle from the domestic fowl to see if any 
differences etiat. The body temperature of the birds is shghUy higher than 
that of mammals and this might result in certain reactions. In mnmmnU 
the differences between the responses of their unstriated muicle frem frog 
unstriated muscle may be ascribed to: (1) greater loric content of lie 
saline, (2) to greater body temperature. The latter results in slower adapta* 
non which increases sensitivity, while the former produces opposite results. 

Expbrimentai. 

The saline used was as previously (Sirgh, 1939). The experiments were 
patformed at room temperature (25-30“ C) as this range is optimum for 
most reactions. The muscles used were the duodenum and the oesophagus 
of the domestic fowl The duodenum forms a tJ-loop enclosing the 
pancreas, blood vessels and nerves. One limb of the U-loop may be 
taken out with or without the attached pancreas and nerves; it provides 
a straight portion of the gut. The oesophagus was chosen, as its responses 
were exactly like those of the other unstriated muscle; a muscle nerve 
prqiaration was made. 

Results 

The reactions of avian unstriated muscle resemble those of the other 
unstriated muscle, with the exception of a few differences. 

^ect of temperature. — ^The optimum tempearturc for alternating current 
for the duodenum is 29-30’ C. and for the oesophagus, 25-26“ C. This 
lower temperature for the oesophagus is presumably due to its exposed posi- 
tion (Singh, Singh and Muthana, 1946). In the dog stomach, the optimum 
temperature at Bombay, which has similar climate as Karachi, was 24-25“ C. 
" 51 
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The higher optimum temperature m the fowl is presumably related to its 
higher body temperature The optimum temperature for potassium is 20' C 
and for acetylcholine is 25” C, m the dog the optimum temperature for 
acetylcholme bemg 30* C The optunum temperature is however variable 
(Singh and Rao, 1940) This appears to be due to adaptation. Fig. 1 
(Smgh, 1 946) Tone may increase or decrease at high temperatures 



(35-39* C ) The increase resembles as in other unstriated muscle, and the 
deaease is probably due to adaptation, which increases at higher tempera- 
tures (Singh 1940) The duodenum is more affected by cold than other 
unstriated muscles, a few degrees increase m icirpciaiuje above 25* C 
may produce great increase in excitabihty to alternating current 

Effect of osmotic pressure -—The increase in osmotic pressure of the 
saline by addition of sucrose or sodium chloride beyord 20 to 40% above 
normal is depressant The results of increase up to 20% are variable In 
the a.ophagus increase in osmotic pressure by addition of sucrose to the 
saline increases the response to alternating current, decreases tone and the 
response to acetylcholme and potassium With sodium chloride the response 
to alternating current decreases and that to potassium and acetylcholme 
is variable In the duodenum, with sucrose, the response to alternating 
current increases, tone decreases, the response to acetylchohne increases and 
to potassium is variable These effects are similar to those m JUytehis 
muscle 
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Decrease ui osmoUc pressure of the saline by 20% in the esophagus 
increases the response to alternating current, decreases tone and the response 
to potassium and acetylcholine , in the duodenum the response to alternaiirg 
and tone is increased, and to potassium and acetylcholine is decreased 
Further j-eduction in osmotic pressure is depressant to all in the ce^ophrgus 
as well as duodenum, though tone in the latter may incrca'^e 

Effect of calcium -^In the oesophagus the optimum concentration of 
calcium for alternating current, acetyl choline, potassium, and nervous 
stimulation is 0 00206 MCaO, though the oesophagus may become byper- 
irntable m the absence of calcium In the duodenum the optimum concen- 
tration for alternating current is three to four times that in the oesophagus 
but for potassium and acetylcholine it is the same As in the dog stomach 
excess of calcium up to 0 02 AfCaClt both in the duodenum as well as 
(esophagus may potentiate the response to acetylcholine and potassium 
Strontium acts like calcium , barium produces tome contraction and 
so causes depression of excitability Magnesium is depressant 

Effect of /itAium— Replacement of sodium of the salme with lithium 
produces eilects of sodium deficiency Replacement of 20-40% of the 
sodium increases the response to alternating current, potassium and acetyl> 
cholme, tone decreases 

Effect of sodaon —Replacement of part of the sodium chloride (20-40%) 
increase the response to alternating current, potassnim and acetylcholine 
Further increase is depressant Complete removal of sodium chloride causes 
contraction, so also isotonic sucrose, suggesting that difference m lomc 
concentration on two sides of the membrane causes contraction 

Effect of oiwnonuon — The replacement of the 20% of sodium of the 
saline with ammonium decreases the response to alternating current but 
mcreases that to potassium and acetylcholine Further iiicrcace is depres- 
sant Ammomum thus potentiates the response to potassium and acetyl- 
cholme, and may cause contraction Withdrawal of ammonium may cause 
contraction 

Effect of potassium —The optimum concentration of potasanun for the 
response to altematmg current, potassium and acetylcholine is 0 0016 M 
KCl Further mcreose u depressant and causes tonic contraction The 
gut muscle is rather sensitive to potassium 

^eet of Kydrogjen Ainr— The optimum pH for alternatmg current m 
the duodenum u 8; at pH 6 it may become mexatable In the ossopbagus 
this IB also the optimum, but it may cause depression owmg to mcrease of 
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tone, then the excitability declines as the pH is decreased from 9-24 to 8 
and then increases up to pH 7 (Fig 2) Tone decreases with increase in 
hydrogen ion concentration. Increase in hydrogen ions do not potentiate 
the response to potassium and acetylcholine. 



Pio. 2. Fowl Oesophagus.— Tm efloct pH on A. C. calrMMw 

Effect of onidns.— Small concentrations of Br, NOi, I, SCN increase 
and large concentrations decrease the excitability, viLen they cause tonic 
concentration. 

Effect of eserine.— There is a marked difierence between the reaetjona 
of the fowl gut and ceiophagus on one hand and the dog stomach on the 
other hand. It does not cause marked increase in excitaUlily in the former 
as it does in the latter; it rather causes depression. It does not potentiate 
the response to acetylcholine; if at all. the potentiation is huigniilcaBt 
(tf. Brown and Harvey. 1938). It may cause depression. 1 in 10* potctt’ 
tiates the response to alternating enrrent. 

J^ect of adrenaline.— It depresses the response to alternating current 
in co.icentrations of 1 m 10* or greater. Lesser concentrations have 
insignificant effect. It increases the response to potassium and acetykholoM 
in concentrations 1 in 10^-10*. 

Effect of acetylcholine.— I in KF-IO* potentiates the response to alter- 
nating current It causes depression if it produces tonic contraction. 

Effect of nerm.—EoT some unknown reason, the muscles after one or 
two responses become inezcitable to nervous stimulation. The osophagui 
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tuy become inexcitable to acetylcholine aid pota sum as well The 
response to alternating current however remained In such muscles the 
responses to alternating current did not differ significantly from other 
muscles So it appears that alternating current produces its effect by direct 
stimulation of the muscle though the latter may also be stimulated through 
its nerves It is possible however that the ircxcitabiliiy may be due to 
lack of conduction in the nerve (Bulbii g and Burn 1939) but adrenabne 
did not restore the responses Potassium stimulated the duodenum which 
was inexcitable to nervous stimulation so it directly acts on muscle 
(Singh and Muthana 1946) Excess of calcium may make the muscle 
mexcitable to nervous stimulation but hypersensitive to acetylcbohne 

AenvB Eloncation 

An interesting feature wis noticed that in sodium deficient solutions 
the muscle elongated when stimulated with alternating current This was 
produced as follows An isometric lever was used The hook at the 
bottom of the muscle chamber reached up to the narrow part of the 
chamber The muscle was directly tied to the hook and it rested on the 
hook. It was put under slight tension of about S lOg If a part of the 
sodium chloride (20-60%) of the sahne was replaced with sucrose or litbii-m 
chloride the muscle elongated when stimulated with alternatmg current 
(8 volts) The elongation was continuation of relaxation after contraction 
It occurred in 3 out of 55 experiments in duodenum in sucrose saline and 
in one out of 6 experiments in lithium sahne and was once observed in 
rabbit gut in ordinary sahne It has never been produced if the muscle was 
placed in a trough isotonically and then stiirulatcd The conditions 
for its occurrence are not understood It appears that some initial 
tension is necessary 

The elongation may be due to two causes (1) contraction of circular 
muscle (2) active elongation of longitudinal fibres The latter is the correct 
eiqilanation as there was no evidence of marked contraction of circular 
muscle throughout the gut In one experiment it was relaxed throughout 
In sodium deficient solutions tone decreases so that it appears that elonga- 
tion IS an active process as it is m skeletal muscle (McDowall 1944 
Uoyd 1946) The fact that it occurs in sodium deficient solutions supports 
the view that the latter may be responsible for tonus (Singh and Singh 1946) 
Summary 

1 The responses of avian plain muscle m general resemble those of 
mamnnnlu n p lain mUSCle 
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2 Eserioe has httle or no potentiating effect on the action of aoetyt 
chohne 

3. In sodium deficient solutions, the gut elongates activity when 
stimulated with alternating current 

4 In a muscle inexcitablc to nervous stimulation, alternating current 
produces its usual effects 
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1 Introduction 

TBb Reptikan respiratory system has already been investigated m great 
detail from several standpoints — anatonucal histological developmental and 
flinctional In the last century, most of the workers were naturally 
interested in morphological and embryological studies, while in the present 
one there is a perceptible preference for physiological investigaticrs. 

The anatomy and histology of the system has attracted a best of 
investigators since the first quarter of the nineteenth century Tiedemann 
(1818), Meckel (1818), Schulze (1871) Leydig (1872) JuIUen (1878) and 
Milam (1894 and 1897) studied the minute structure of the trachea and 
lungs; while Owen (1866) Hoffmann (1890), Gegenbaur (1899) and Wieder- 
iheun (1890) gave a general survey of the results so achieved Wiedersheim 

57 
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(1906) described the respiratory organs of the geckos Phyllodactyhis and 
Platydactyhs , and Werner (1911) those of certain rare reptile* AbralAm 
(1911) investigated the nerve endings in a saurian lung, Or^ier (1929) the 
closure of pleural cavities and the differentiation of the lung in reptiles , and 
Baudrimont (1929) the muscular and elastic fibres in it Rothley (1930) 
dealt with the minute structure of the trachea ard lungs ard Smirnowiky 
(1930) and Dombrowski (1930) with the respiratory mucculaiure 

The development of the lung in reptiles was worked out by Moser 
(1902), Hesser (1905) Bertelli (1905) and Heilmann (1914) and that of the 
tcachea in Laceita agilis by Boker (1917-18) 

The physiology of the system has been the subject of numerous detailed 
investigations in the present century Tomier (1904) studied the structure 
and function of the cervical air sacs and valves m Chameleon ard Couvreui 
and Gautier (1904) the respiratory rhythm in it Rainaldi (1907) described 
the respiratory apparatus of Lacerta muralis Francois-Franck investigated 
the contractility and innervation of lungs in the ocellate lizard (1907) and 
the mechanism of lespiration in Chameleon vulgaris (1907) Grecian Tortoise 
(1908) and thw ocellated lizard (1907 and 1909) Baghoni (1911) gave 
a r6)Ume of the comparative physiology of lung movements m Amphibia, 
Reptiles, Birds and M immals Babhk (1914) dealt with the lung movements 
and their regulation in Lizards, Milligan (1924) With the respiration and 
metabolism in Sphtnodon Potter and Glass (1931) with the respiration in 
the hibernating Phr) nosoma cornutum and Wolf (1933) with the structure 
and function ot reptilian lungs Gnanamuthu (1933 and 1937) tried to 
correlate the movements of the buccal floor with those of the thorax in 
lizards and turtles, while Saalfeld (1933) investigated the nerve regulation 
of lung movements in UromastiA 

The larynx of reptiles was nvestigated as early as 1839 by Hcnle u 
the course ol his classical researches on the comparative anatomy of thn 
organ in vertebrates Dibois (1886) Wilder (1892) and Goppert (1899) 
discussed its homology, Wiedersheim (1906) described it m Platydactyhu 
mauritanicus , G rmershausen (1913) investigated it in Chameleon, while 
Schmidt (1913) studied its development in reptiles 

2 Technique 

In order to make out the relative position of the various organs in 
the thoracic part ot the perivisceral cavity as well as to study the disposition 
of the peritoneum, thick hand-cut transverse sections of formaldehyde* 
preserved specimens, sagittal sections, and careful dissections from the right 
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or left tide proved useftil. The structure of the luugs vvas stvdicd by 
stiining small pieces in borax carmine ard mountirg ttcm in tekcm.as 
well as by preparing transverse and lorgiiudinal sections. The tkclelon of 
the larynx, trachea, bronchi and hyoid apparatus vsas irvesiigatcd in entire 
mraats, stained either according to Dawson’s ALzaiin Red meil cd, or by 
Van Wtjhe's method of cartilage slainirg. The soft parts of lie vocal 
apparatus were studied in series of transverse and lorgitidinal ccclicns 
10 microns thick, stained by Mallory's triple stain, as modified by Kiichetky 
VStaln Technology. VI (1931). 971. 

3. Thb RE8PiRAT(»ty System 

(a) General.-^ln many features, the respiratory organs of Hcmidactylvt 
(Text-Fig. 1) show a typical. simpLfled structure ard appear to approximate 
to the condition found in Sphenodon. The lungs are equal ard symmetrical; 
there are no intra-pulmonary extensions of the bronchi ; the lumen of the 



TSxT-na. I. Re*pirttoi7 Of|au of ffemldaetyba JlarfraidU (ftm a cirtb|s-ittiiied 
pnpuatloa).-^., loft b-onchui; b r., nght bronchiu; lg.r., right tuns; ir., tnehea. 

lungs is continuous and saccular, resembling that fourd in the Amphibia; 
and the respiratory surface is developed throughout, although ratlci lees eo 
in the posterior part. Whether these peculiarities axe piimitive or degenerate, 
is diffl:uU to say. The glottis is a longitudinally directed. slit-Uce eperture. 
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situated on an elevation (laryngeal prominence) on the floor of the pharynx 
batwssn the basal bifiircations of the tongue It leads into the tract ea 
The latter runs ventral to the OBjophagus ard after travenirg tie ceivical 
region comes to lie dorsal to the heart where it befuicalcs into two 
extremely short bronchi The antenonnost part of the trachea is dilated 
to form the larynx 



Ttarno 2 Oenenl dinection. ihowmg the vuious vweim— e.cBani, i/, duodnan 

f b, galMiladder, le, heart, it //.left lung, ^ r, nghl lung, /r, liver, kd kidnajr, pwe , 
porierloT veoe ceva, Ket, nctum, /r, tndiea, 5t, itonudi 
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iff) Tm Histology of the Lung.— The lungs (TcJtt-Fig. 2) are almost 
syanitrical structures, situated one on each side of tie oesoplEgus, 
psitsro-Uteral to the heart and lateral to the anterior half of tie liver, 
which shows a contour particularly adapted to accommodate them. Each 
lung is a simple fusiform sac with thin trarsparent walls and complete 
septa inside. The wall of the posterior region of tie lirgis distirctly 
thinner than that of the anterior, and is not so richly supphed with blood 
capillaries. The cavity inside is continuous from one erd to the other ard 
there is no division into chambers, as fourd in many hzards. The irncr 
lining is raised into a network of very delicate ridges, givirg rise to 
a honeycomb-like appearance. The ridges are closer ard more prominent 
in the anterior than in the posterior part, but the respiratoty surface occurs 
throughout the entire lumen of the lungs. 



nxT>iio. ^ Intenial furfaec of the wan of a hmg.^AJv., alveoli; X, Jf, interalveolar 
lidaa of different eirea; a/l. the auperflclal meobrane. 

The internal surface of each lung (Tcxt-Fig. 3) shows a trelhf-l.ke net- 
woilc of ridges, which separate the alieoli from one another. Tie ridges 
are mainly of three sizes: one. fairly stout; the second, rather thick, though 
hot so stout as those of the first type; and the third, extremely delicate, 
lying as slight elevations within the meshes formed by tie ridges of the 
first two types. Each ridge is supported on a number of pillar-like strands, 
'Which are separated from each other by interrpaecs ard tlvs allow the 
adjacent alveoli to be in communication. The ridges and their supporting 
strands are covered with more or less flattened endothelial cells, ard serve 
to increase the respiratory surface of the lurg. In a transverse section 
(Text-Pig. 4), the inter-alveolar ridges appear as relatively large krcb-tl sped 
structures situated at the top of delicate, more or lets ciinrpkd sepia, 
projecting into the lumen of the lung. Each knob has a large-musck-b^ 
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TDcr-no. 4. Transvene Mctlon through a part of ths lung.— .4/r., alveoli. Cp., cap Huy; 
At., muscle band at the distal end of the inter-alveolu ndge; the eupportlag septum of 
the later-alveolar ndge; the luperflcial membraoe coveimg t^ lung. 

also present within the supporting strands and numbers of blood capillaries 
can be made out, cut at various angles and interspersed in vaiioLS rafts of 
the section. The whole lung is covered by an extremely dchcate superficial 
(serous) membrane. 

(c) The Mechanism of Gnanamuthu (1933 and 1937) bas 

given an excellent account of the mechanism of respiration in Hemidactyha. 
Net only does the ‘ thoracic ' region expand and contract, but the post«riei 
part of the throat also moves up and down, thereby diminishirg acd 
increasing the buccal space. As shown crqrerimentally tte buccal floor 
lowers when thorax dilates and rises when the chest contracts. These 
movements of the throat are not the passive cfiects of the irflation atd 
deflation of the cavity by the entry and exit of air, tut are active ones, 
due to the contraction and expansion of the buccal muscles.* According 
to Oianamuthu (1937), the part played by the buccal floor in respiratioo 
is probably as follows : 

"The contraction of the thorax eiqicUioB &ir would result in the 
Inflation of the buccal cavity, and when next the thorax relaxes this Impure 
air may be taken into the lungs again, because the thoracic conliaclicn and 
expansion follow each other so rapidly. However, the elevation of the 
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ma'Jth'flaor and tongue through the aid of the transveire ard hyoid 
muscles just when the thorax contracts selves to expel tfe vitiated air 
effectively out of the body." 

Whilst it cannot be denied that the buccal-floor irovcirenls ircy have 
some significance in preventing an accumulation of * impure ’ air in ll c mouth 
cavity and consequently in prevcntirg its entiy again irlo He lirgs, this 
sort of explanation is hardly adequate to account fully for the ex'remcly 
delicate aeljustments necessary for effcctirg an almost perfect ryrehicrcus 
working of the throat and the thoracic vail. Sich a rcqvirtmerl could 
have been met merely by a greater development of rigidity in the ticcal 
floor, rigidity just sufficient to cope with the extra air-pressuie terdirg to 
be created in this region during expiration. What seems more l.kely, is, that 
the utility of the simultaneous movements of the throat and the ttorex 
lies in making these two regions part of one harmonious respiraioiy 
mechanism, sucking in or forcing out air as a sirgle stiucture. Exactly 
when the thoracic region expards, the buccal tpace gels airo ircieared 
and the action of both in co-ordination sucks in air, as if a sirgle chem.ber 
suddenly dilated to create a region of low air-pressure inside. Sanilarly 
their contractions synchronise to expel the foul air. 

4. Thb Disposition of the Peritoneum in Relation to Lungs 

Each lung (Text-Fig. 5) is suspended by two folds of the peritoneum: 
one, dorsal; and the other, ventral. The dorsal fold is attached lo the 



, lertloii of tin trunk, pasiing tSrsugh tin oetopfntus and lungs. 

"**•» ^w isl imnitay; dijf., donal pulmonary fold; fJkjtit, gistro-hepatlc reiloa of ihs 
*****07: MV.I tnaphiga: mu., ventral Uuhbepatlc) ncMBtety; vp/, vantral pulmonuy fold 
tWMT abbiovtayon aa In Mnt^ 2). 

^ral aspect of the cesophegus, and the ventral (which is siivaltd towards 
the ionoP surface of the Iun|) the mesial mesentciy cocccciir^ th^ 
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oeiaphagas with the liver. Thus on either side, a recess (ptiliruhhepatic recess. 
Hitler; Pneumato-aitertc recess, Goodrich) is cut off from the gcreialbody 
cavity between the oesophagus, lung and hver, ending bhndly in front, but 
opening behind into the coelom. 

As a transverse partition is absent, the ‘thoracic’ rcgicr is not 
tnirphologically separated from the * abdominal *. However, physiologically, 
the sam: aim is achieved in a different way. The viscera are closely packed 
in the ‘abdominal* region and thereby indirectly delimit the ‘thoracic’ 
region in front of them. On the right side, the hver is apposed to the 
body*wall, while on the left the stomach lies adpressed between the liver 
and the body-walL Thus the space surrounding the lungs is fairly large, 
while in the region posterior to them it is virtually okliterated ty the 
cbiely packed viscera. This arrargemert subserves to restrict the effects 
of the expansion or contraction of coelom to the part immediately surround* 
ing the lungs. Were the space surrounding the lungs in communication 
with a large one behind, the effects would tend to distribute themselves over 
a wide area and be proportionately enfeebled. As far as I know, the 
importance of such a disposition for respiratory activity has never been 
mentioned before. 

5. Votes 

All geckos have a voice. As Smith (1935) says, “usually it is a soft 
chirruping or clucking sound such as we can make with our torgue, but 
some of the larger forms, such as Gecko gecko, have a loud cry that can be 
heard a considerable distance away; many of tkem rquawk when 
captured.”* 

Tae various species of Hemidactylus differ a great deal in their power 
of sound production. Some like H. fljvivlridis produce it only rarely, and 
then ex'remely low. Oihers like H. frenatus and H. leschenaulti cry fairly 
frequently. The cry of H. frenatus ‘‘consists of a series of six to nine 
guttural sounds — chik-chi/c-diik-^ittered in close succession. The cry is 
often Very bid and clear and is a familiar voice in the vicinity of wooden 
feaees at dusk. Waen caught this gecko utters a sort of feeble squeaking 
soind."* Tae voice of H. leselunaulti resembles that of H. frmatUL 
HiVjver, “it sonetimes utters at night a prolonged shrill sound which 
miy be exeressed as S'iee*see-eek.'*' H. gamolt has also a rather bud voice 
and is called, on account of it, TJik Tjik in the Malayan language.* 


• Smith. M. A., "SAptiUt tad AaphMi, VoL II, Stnria,” Fcmm BrU. ML, 1933, p. 21. 

• Y. R. Rm la a. Cdkf (THriUwrelr) Mesnbm. Sept. 1913. 

«Voia. W, ’’Laovtilla voa Palembaai,” 2ML /aM., 1903^ 19. 
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6 tub Skbloton of the Larynx. Trachea and Bronchi 
The skeleton of the air>passage was stidied in seven irdividuals by 
m*ans of van Wjhe's process of cartilage stainirg As previous authors 
(Henle, 1839, S eck, 1908) did not have recourse to such a delicate method, 
the author is in a position to give a more accurate de^cnpiicn tlan has 
been hitherto possible, as well as to add notably to our knowledge of the 
subject 

The wall of the larynx is supported by a ring-shaped cncold projecting 
laterally to form obtuse processes and a pair of arytenoids fuced to the 
antero-dorsal aspect of the cricoid on either side ard bounding the glottis 
on the right and left sides Gengenbaur ai d others held that the cricoid, 
arytenoids and perhaps the tracheal rings arc derived frem the fifth 
branchial arch, — a view which Goodrich (1930 p 446) criticized on the 
ground that the evidence is incomplete According to Henle (1839). the 
larynx arises from two lateral cartilages which send transverse processes 
to meet each other in front of and behind the air-pas^age 



Ttarrm 6. Donal view of the laryngeal ikeleton —or arytenoid, ore, anterior nng 
of the cricoid, g/, g'ottn, /e, longitudinal connecimg oomlages Ip, lateral prooeasof the 
arytenoid, mdl, mua ulus dilatator laiyngu, pre poatenorring of the cncoid, ir, tracheal 
ri^, fra, abnormal tracheal ring 

p iCMio 7 Ventnl view of tba layngcal ikeleton —Abbreviations as m the previous 

The cricoid of Henadactylus flariwidis (Tex^-Figs 6-7), although 
composed of two succe«*ive rings as that of Hemidactylys gamoti (S eck. 
1933) differs from the latter in mary re'pccts 

In the fl St place, the anterior nog in Hemidactylus gamoti. according 
to SiOck (1908), IS open dorsally. wide the posterior rirg is doted com- 
pletely all lodnd. In HenUdactyba jUrivlridls, the anterior nog is closed 
dorsally as well as vmtrally: while the posterior ring is open dorsally 
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Sicondty. the anterior ring in Hemidaetyba gantort is produced mesially 
at its antero*vsntral aspect into a pointed edge which a as error cove ly 
call^ the processus epiglotticus, but may be more accurately derigrated 
as procesnu antwior Infvior (Geippert). In Hmidactylus flavtvlridls the 
antero>veatral border of this ring is rounded and the processus anterior 
inferior is altogether absent. 

Thirdly, there is no median proj-'ction in H. flavIvirkUs corresponding 
to the processus antfflor ss^erba of H. gamoti. 

Fourthly, in Hemtdactylus flaviviridls a pair of longitudiral cartilrgcs 
Join the dorsal part of the first ring with the dorsclateral poiticir c( tie 
second ring. These cartilages extend even farther brek to join tie fiist 
two or three tracheal rirgs. They are shfert m H. gamoti’, in which, 
however, the second, third and fourth t'-aeheal rings are often irrcgvlatly 
interconnected with each other (S eek, 1SC8). 

The arytenoids of Hemidactylm fiariviritbs resemble those of H. gamoti 
in their attachment and direction. They articulate with the doiso*latciel 
parts of the cricoid at the place where the latter iwetps downvards. Each 
arytenoid extends forwards and inwards from its hate icwards its ditid 
end, and serves to support the corresponding lip of the glottis. 

The walls of the trachea and the branchi are si f ported ly nrgs cf 
calcifixl cartilage throughout their lergth. The rimter cf nrgs in the 
trachea varies from 45 to 51; and in the brorchi frem 6 to 8. In Hmb 
dactyUt gamoti. Sleek (1908) found that the first 27 rirgs (/e., frem the 
2ul to the 2Slb) are always completely closed, while the followirg ores 
(about 14) show a shader cleft on their dorsal surfece. In H. flaviviridis 
msst of the rings are closed, there being extremely few inccirpkte rirgs. 
Siuis of the rings are abnormal, as they are divided asymmetrically into 
anterior and posterior half-hoops. 

The bronchial rings, usually 6 to 8 in number, are irccnplete toweids 
their inner sides. They arc variously connected to c.ach oil er lo fcim an 
irregular framework, supporting the walls of the hrccel i. T1 e Itii nrg is 
always the largest. 

Tiedemann (1818) and Meckel (1818) described a dilatation of the 
trachea in Ptyodactylus fimbriahts and regarded it as a supplementary voice. 
producing apparatus. In Hemldactybis flavivirbUs, as well as in JV. gamoU 
(Steel;, 1908), there is no trace of such a structure. 
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7. The Hyot) Apparatus 

The hyoid apparatus (T<.x*-Fig. 8) consists of a central poriicn, the 
biiihyotd (eorpui hyale). a niKlian anterior process, the processus Ungualis 
{entoghssus), two pairs of cornua attached to the basil.>oid, the cemui 



Ttxr-no. 8. The Hyoid Appantuf.— « ft / and c ft //, flni end lecond centdbnnch’elt; 
cX, coipiu hyale; eXl. and c-hf, the two Umbs of the corner hyak; pJ„ ptaceHn 

hyde and the cornua branchialia t (first ceratobranchiab), and the vestiges 
of a third pair of cornua, the cornua branchialia U (second ceratobrmchials). 

The basihyoid is a triradiate structure lyirg mcsially be lew the trachea 
a little behind the larynx. Its anterior median arm is ccriirved irio the 
base of the tongue as a slender process, the processus itnguaUs or entcghssui, 
whilst its posterior two arms, rather stouter, are mcvLtly articvlaiid to 
the pair of first ceratobranchlals. The cornu hyale of each side is attached 
to the basibyoid just anterior to the articulation of the latter with tl e fiitt 
ceratobranchial. It extends forwards ard outwards in a breed curve with 
the concavity facing backwards. Distally, it is divided into two prcceiecs: 
a short and straight lateral limb directed obLcpiely outwarefs, ard a delicate 
long limb, at first projecting longitudinally backwards acd then cuiving 
doraalwards to end underneath the parcccipital precees. 

The cornu branchiaJe I of each side is a well developed process, ossified 
throughout its extent. It curves upwards in its distal port on erd erds, 
like the corresponding region of the cornu hyale, at the parotic region of 
the skull. 

Onanamuthu (1^37) regarded the cornua branehlaUa II as abseqt in 
Bmkfaetpbo and certain other lizards, but ahzaiin preparations (how that 
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they are present as extremely slender rod-like vestiges near the distal end 
of the contua branchialial Their proximal pori]or« hovcver arr lacking. 

As described above, the hyoid apparatus of Henddactyha ftx/Mnda 
Ruppel IS characterized by the followirg new features 

1 The occurrence of a bhint lateral Lirb on the eomu hyale in 
addition to the usual prolongation reaching to the parotic region has been 
recorded for the first time In certam Lzards (e g Mobuya Cabnta etc ) 
there is a small cartilaginous plate attached at this place ard m Cahtea 
there is a short rod-like cartilage developed here In faramu there is 
a peculiar crotchet-shaped cartilage connected to the proximal part of the 
cornu hyaU (Onanamuthu 1937) 

2 The distal extremities of the cornu hyaU and the cornu hrancUak I 
end ventral to the paroccipital process as mentioned for Cekkonida Uro- 
platida and Eublephanda by Versluys (193Q 

3 The occurrence of the distal part of the cornu branchlale II is remark* 
able As Versluys pointed out this cornu is often divided into two parts, 
a proximal ventral portion and a distal dorsal portion The former is absent 
and the latter present m Hmidactylus ftoMivirUUs 

8 The Soft Parts of the Larynx 

As in other lizards, the lar>rx pos^esus two pairs of murcles 
(1) M con^ressor bryngu. arising from the body of the hyoid and inserted 
on the borders of the cricoid ard aryteroids and (2) M dilatator laryngis 
ansuig from the lateral processes of the cricoid ard inserted on the arytenoids 
The former serves as a sph meter and the latter as the dilatator of the 
glottis 

The laryngeal nuscles are sipphcd hy two brrncles cf tie vagus 
nerve an anterior one called the Nerrus laryngeus sigrerfor, which cones- 
ponds to the first branchial branch of Pishes, ard a posterior one, called 
the Nervus laryngeus mfertor or recurrent which represents the fourth 
branchial nerve ard belongs to the seventh virceial arch in Fiehcs 

In Henddactyha gamoti, according to Seek 0908). there is neither 
a local dilatauon of the trachea as in Ptyodactylus fmbrbtiu, nor a specially 
wide trachea as in Platydactyba gutlatus There are also no vocal cords 
as described by other authors m the Oekkonids In Henddactyha fiaAHrkSi, 
however, the vocal cords are definitely present They are rot in tl e form of 
elastic bands stretched between the dorsal and ventral walls of tie cncoid, 
as discnbed for Oekkomdm by previous authors (Heck, 1939, etc), but 
are prominent horizontal fol^ of the epithelial limng of the luysx 
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(Text-Fig. 9). They lie in the antenormost part of this chair ter ortho 
b<ver part of the lateral walls; ard when ftlly exterded, viriially divide 
an extensive dorsal space from an extremely sihall ventral one. The 
former space is supported by the arytenoids and opens at the glottis. The 



Tter-ria. 9. Transvene section through the antenor part of the larym, ihowiag the 
vocal oorda.— the dorsal laryngeal apace m commun cation w th the glotiia; v e , va:al 
cords; ».j., ventral laryngeal space lead ng poaterior y into the trachea 

latter, when traced backv^ards in serial transveisc sectiors, is seen to lead 
into the trachea. 

9. The Mechanism for the Production of Voice 

According to Steck (19C8), the absence of tracheal dilataticrs ard vocal 
cords in Hemidactylus gamoti is correlated with a nunber of anatomical 
peculiarities. The bares of arytenoids are slifled tcvaids tic dcuelside, 
80 that the Ligamenta aryhoidea are more strcrgly divclcpcd. The dorsal 
borders of the arytenoids tak? no part in the foiiration of the glottis. The 
mucous membrane, which world in other cases cover both these cartilages 
as simple ridges called Plica arytanoldea. is developed as a ligamenturo 
arycricoideum. The glottis is abrormally lorg, sirce tl e first laijTEc airing 
is incomplete dorsally ard the ligamcmum ai>ciicoidiim ex’erds ip to 
the second laryngeal ring. The voice, accordingly, is prcdicid ly the 
vibration of the dense arycricoid ligament vlen it is tersely slielcl (dand 
is enhanced by the floor of the mouth, which ,possesses a trausverselj 
striped musculature. 

In Hemidactylus fljviviridis, however, the mechanirm is different. Here, 
as shown by me above, the vocal cords are vttll developed. When fully 
erteneled, they partially separate a dorsal chanter frem a ventral one. 
The stream of air expelled forcibly from (te Irrgs, pesses rp frem the 
ventral chamber into the dorsal one ard gets out at the glottis. This sets 
the vocal cords into vibration and produces the sound. 
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10. SUMMAllT 

The author has descnbed the rcspiratoiy ard vocal organs of Hemh 
dactylus ftavivlridb in detail, the more important features discovered 
by him being as follows >— 

1. The right and left lungs are equal ard symmetrical, with their 
internal cavities undivided and saccular; the rcspiratoiy aifece is developed 
throughout; and there arc no intrapulmonary extensions of the brer chi. 

2. The inner lining of the lungs is raised into a network of ridges, which 
are closer and more prominent in the anterior than in the posterior part. 
The ridges are mainly of three sizes. Their histology has been described 
in detail. 

3. The significance of the simultaneous movements of the throat and 
thorax has been pointed out. 

4. The disposition of the peritoneum in relation to lungs has been 
studied, and the role of the viscera in restrictirg the effects of tbe expansion 
or contraction of the coelom to the part surrourdirg the Ivrgs las been 
pointed out. 

5. The cricoid of HemUactylus JIaviviridls differs from that of H. gamoA 
in the structure of its component rings, in the abserce of the prccetits 
anterior inferior and anterior superior, ard in the preserce of a pair of 
dorsal longitudinal connecting cartilages. 

6. The number of tracheal rings varies frem 45 to 51 and of bronchial 
ones from 6 to 8. Most of the former are closed. Tbe latter are icccirpkte 
towards their inner sides. 

7. There is no dilatation of the trachea. 

8. The hyoid apparatus is dharacterized by the development of a blunt 
lateral limb on the cornu hyale, by tbe ending of the cornu hyale ard cornu 
branchlale I ventral to the paroccipital process, ard by the picstrcf of 
a vestigial cornu brcnchiak II. 

9. The larynx is provided with two pairs of muscles (M. cemjfreiur 
kuyngfs and Af. dilatator taryngis), which are innervated by the Nerrus br^ 
geus si^erior and the N. bryngeus inferior. 

10. The vocal cords are present. When ftilly extended, they virlvally 
separate a dorsal layngeal chamber from a ventral one. 
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Introduction 

D'JMNa the winter of 1940. eight specimens of the common wagtail 
MotactUa albs Linn, were entrapped in Lucknow ard an cxaminaiion of 
their droppings revealed a coccidial infection in two out of eight birds. 
In ord^r to study the exig^nous stages of development of this coccidian, 
the droppings as well as the rectal contents of the infected birds after 
dissection were kept in 1 per cent, solution of chromic acid. Each oocysr. 
after sporulation, showed four sporocysts inside it, and each sporccj&t in 
tarn had four sporozaites, four sporocysts and siR'cen sporozoitia rcTc 
present in each oocyst— a diagnostic character of the genus WenyoneUa 
Hoare. 1933. 

During the winter of 1941. six more specimens of the same bird were 
examined for coccidial infection; out of these five proved to be coccidig* 
free, but one was passing two kinds of oocysts along with its fscea: 
CO oval oucysts, which were colouri^s. and fii) spherical oocysts with tlick 
yellowish inner cyst walls. In 1 per cent, solution of chromic acid, after 
compile spurulation, these oocysts were diagnosed as belonging to the 
genera Bnuria Schneider, 187j, and Iwspora Schneider. 1881, respectively. 
Bl 71 
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The coccidia-free specimens of Motacilla aJba could not be infected 
artificially, as they died, (probably they could not stand co finement for lorg), 
before the oocysts of the three above-mentioned coccidian pa/asites could 
sporuiate and attain the infective stage in the culture medium. 

Pieces of small intestine were fixed in Bouin-Duboscq-Brazil, sectioned 
4-6 M thick, and stained with iron-alum l»matoxylin and cLrcmoircp 2R, 
or D dafi:ld‘s ha natoxylm only. A few fresh smears of the scrapir gs of the 
intestine were made m normal saline solution and examined under an 
oil-im nersion lens, but no motile stages of the parasites could be detected. 
SimJar smears fixed in Sehaudinn's fluid and stained with iron-1 nnatoxylin 
were also examined but they did not yield any significant result besides 
those that had been obtained from a study of the sections of the intestine. 

It may be mentioned here that only six species of Wenyonella baye 
been recorded up to date {vide Table I). However, the species of WenyoneUa 
described in this paper differs from those mentioned above m certain 
particulars, and therefore, I propose to designate this coccidian of the 
Wagtail as Wenyonella mackinnord n.sp., the specific name being given in 
honour of Prof. Doris L. Maclunnon of the King’s College, London. 

Waiyonella mackinnoni n.sp. 

Bxogatovu jtager.— The oocysts are sphencal or ovoid in shape; they 
measure 19»*-23fi m spherical forms, and 23-8/ir-26'2MXl8’0ft-21’SM in 
ovoid forms. Tne cyst wall consists of two layers : an outer layer wheh is 
thin and colourless, and an mner layer which is comparatively tbicker and 
it brownish in colour. The protoplasm of the freshly discharged oocyst 
is fiUsd with refractile granules of reserve materials and occupies the cntiie 
internal space (Text-Fig. 1. 1). but later on it becomes condensed and bu 
a more or less spherical contour and measures, on an average, 15'5/ik in 
diam^er (Text-Fig. I, 2); the micropyle and the polar inclusions are absent 
in the oocysts. 

Oocysts kept in 1 per cent, solution of chromic acid and examined 
at regilar intervals of six hours at room temperature revealed visible signs 
of segmsntation of the zygotes within 24 to 36 hours, and within next 48 to 
60 hours four rounded bodies, the sporozoites, were cleaved out of the 
protoplasmic bulk of the zygote. U«u.lly the sporoblasts remain adhering 
together for some time, but later on they separate (Ttxt-Fig. I, 3). become 
ovoid, and each of them secretes a wall around itself and thus forms the 
sporocyst (Text-Fig. I, 4). There is no oocystic residue left after the 
formation of the sporocysts. Each sporod^t measures 10'2px7*4fi in 
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iize, and has a loQS<shaped thickening at its narrower erd The proto* 
plasm of the sporocyst m turn segments without leaving any residue, mio 
four rounded bodies the precursors of the sporozoites which later on 
elongate (8 2 p long) and assume a club-shaped appearance (Tex -Fig I 



(An flgum were drawn with the ud of camera hicida ) 

Tter-m I —Showing exogenoiu itagea of WmyoneUa mackhitoid n ip 
From living ipecunens x 1900 

1, a fMiIy dlachaiged oocyit 2 ooQ'st with unregmented but condeniad zygele 
ooqrat ahoe^ ronnation of aporoblasu 4, oocyit with four sporocy U 5, 6, oocyiia 
dwwing aprocysta, each wirh four aporozoites 

5f 6). They are arranged at random inside the sporocysts The fo matron 
of the sporozoites takes place durmg the next 24 to 48 hours after the 
formation of the sporocysts, t e , complete sporulation takes 4 to d days 
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Endogenous stages— The eadogeaous cycle of development takes place 
la the small intestine of the host It may be mentioned at once that no 
asexjal or schizogonic stages of the parasite could be detected, and the only 
stages freqiently encountered were (i) the microgametocytes ard micro- 
gametes, (u) the nucrogametocytes and macrogametes, ard (in) the zygotes 
O'! one occasion only a few microgamctes were noticed withm the cavity 
inside an epithelial cell lodging a macrogamete (Text-Fig II, 11), but no 
stage showing the entrance of a microgamete into the macrogamete could 
be encountered Be^tides these stages, young developmental stages of the 
sexual forms measuring 2 2 1^-6 Om were also seen on certain occasions 
(Text-Fig II 1-5) they have been designated as the sexual forms following 
Ray and Das Oap‘a’s (1937) view of distinguishing the schizonts from the 
sexual forms of W hoarei and aUo because they exhibit resemblances to 
the mature sexual forms m their cytoplasmic and nuclear contents 

The entire absence of schizogonic cycle may be due to the fact that 
It was over when the birds were examined It seems that this parasite. 
Ilk; o her coccidia, also undergoes a course of “ self-linuted ** infection 

The grown-up nucrogametocytes (Text-Fig II, 6) measure, on an 
average, 20 5 m x 15 6 /* in size and can be distinguished from the macro- 
ganiwtocytes, besides their size, by having (i) a conical shape, (u) a ragged 
cytoplasm, and (ui) a centrally located nucleus with a centrally -ituated 
karyosome which is comparatively smaller than that of the macrogametocyte 
A mature microgametocyte gives rise to several microgametes (Text-Fig. 
II. 7), leaving a considerable bulk of cytoplasm uhUsed Each rmcrogaircte 
(Text-Fig II, 8) has an elongated body (3 8^ long) and two equal flagella 
which are nearly twice the length of the body Whether the flagella are 
a tached anteriorly or posteriorly is difficult to say, because the movements 
of the microgametes could not be observed in vivo 

The grown-up macrogametocytes (Tcxt-Fig II 9) are eUipsoidaJ 
bodies, rounded at both ends, and measure, on an average 28 5/i x 16 Om 
in S1Z3 The cytoplasm of each macrogametocyte contams reserve materials 
and the nucleus lies rather nearer the supenor pole The karyosome is 
fairly big and excentnc m position being surrounded by a clear space 
DiTing the course of its development the macrogametocyte becomes more 
or less globular in shape, and gives nse to a single macrogamete (Text-Fig 
II, 10, 11) measurmg 23 O/iX 19 8/» m size On no occasion could a 
micropyle be detected in the macrogametes of Wenyonella machmoni (cf 
VjT hoarei Ray and Das Oupta, which posseses a prominent micropyle 
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The zygotes (Text-Fig II 12) can be distinguished from the macrogairelo- 
cytes and macrogametes by having (i) a denser accumulation of rescive 
materials (the so-called plastic and h«matoxylinophihc granules) ard 
(u) a homogeneously stained nucleus 



Twr no II —Showing eodo^oiu stages of Wenyonella maeklmoni n sp 
From sections of small mtestme 


Figs 1-3 Developing sexual forms < I7S0 I 2 iracrogametocytes 3 4, 3 macro- 
gametocytes, m fig 3 two paras tes ore seen in a smglo cell Fip 6 12 Mature seanal 
forma 6, a microgametocyte x 1000 7 showing several microgaDetes and a central 
‘KtlkOrper (semi-diagremmaiic) x 1000 8 i hghly magniOed microgaraete x 2300 
9, a macragaiMtocyte x 1030 10 11 macrogametes in fig 11 a few nucrogainetea are 

seen ly>nt nev the macrogamete x 1030 12 s zygote x 1030 

Tetrazoic tetrasporocystid condition of the oocysts deter- 
names the position of this coccidian under the genus Wenyonella Hoare, 1933 
Oocysts spherical or ovoid, measuruig 19 Op-26 lux 18 Op-21 5p; 
cyst wan thick, double-layered, outer colourless, inner brownish , micropyle 
absent ; sporocysts ovoid, measuring 10 2px7 4p, with a lens-shap^ 



Table I 

n between the dt^erent species of Wenvonella 
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kaob at one end; sporozoites 8 2/t long club-shaped irrcgul rly arrargcd, 
oocystic and sporocystic residu 1 bodies absent , spoil 1 tion time 4 to 6 
diys; unsegmsnted oocysts discharged in the faeces of the ho«l 

Systematic position — W,.nyonella mackumoni n sp (Eimcnidse Cocci- 
duda) 

Habitat — Snail intestine of Motacilla alba Linn 

Locality —Lucknow UP India 

The accompanying table shows a comparison of the known species 
of fTenyonella with regard to oocysts sporocyst'! host^ etc 

Elmerta lacknowmsis n sp 

To the best knowledge of the autlor there is orly ore <prcies of 
Eimerta namely E roscoviensis (Labb6 1893)* recorded from Motacilla alba 
Linn Tiis parasite has, however been reported from other birds as >^ell 
eg Phalacrocorax anstotelis Charadnus cantianus Strepsilas interpres 
Numnius phaopus Pulvialis apneanus To tonus calidns etc (vide Levine 
aid Becker 1933) Lilbei hi prtvio p per (1893) did i ot give aiy 
illistration of the oocysts of E roscoviensis but in a later contribution 
(1896) he supplemented a figure (vide his PI XVII fig 18) of the mature 
oocyst of this coccidian which gives a clear idea of the structure of its 
oocyst A comparison of the mature oocyst of the cpeciis of Eimena 
de.cribed in this paper with that of E roscoviensis as sketched by L bbe 
would at once reveal that the latter species does not coincide in its 
characters with the former and therefore a new specific name, Eunena 
lucknowensis n sp has been instituted for the present coccidian 

The oocysts of E lucknowensis are ovoid in shape and ar ehminatcd 
in an unsegm~nted condition in the faces, they measure 21 4fi-24 Sp 
X 17 4/A-18 8^ in size Tie cyst wall is colourless and double layered, 
both ends of the oocysts are similir and rounded and there is no indica- 
tion of a fl ittening or prolongation at either end nor is there any eviderce 
of a micropyle and pol r inclusions In these characters E buknewensis 
differs markedly from E roscoviensis in which the oocysts are pynfoim in 
Shape, measure 16 Op-lS 0/ix 14 Ofi-16 0^ and each mature oocyst is 
characterized by th- presence of a truncated neck bernrg a pseido- 
nucropyle, as well as the polar globules li 1 per cent solution of ctrcmic 
acid the oocysts of E lucknowensis sporulate withm 3 to 4 days There is 
no residual body inside the oocyst after the formation of the sporobl sts 

* UbM in hii onimU pver(l>93 p 408) hu nuped it M CoeeMme reseetimif 
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which are fo>ir in number, and which later on secrete a wall around each 
one of them, thus giving nse to the same number of sporocysts (Tcxi*Fig 
III 1-3) Each sporocyst is ovoid in shape and is devoid of any tl ickenrg 



Torrfia in — Sbowiof iponilation in Eimtrta luiknoweni j n ip and lioi^a up 
From living apecun'm X 1750 

1, oocyit of £ liKknoweiuU n sp with oniegmented zygote 2 ihowing fomiation of 
iporoUait^ 3 an inf'Ctive oocyit with four aporocy ta each wth two aporozoitea and t 
midiial body 4 a ftvshly voded oocyst of Isospon ap ab>wi'ig rormation of two 
Bpocoblaita. 6 an infective ooi.yat with two aporocyaU, each containing four aporozotaei 
■ad ■ voluoiuioui raiidja] body 

at either pole, it measures 8 5/tx 6 Ofs The end-product of sporogony 
IS the formation of two club-shaped, curved sporozoites witbm each 
sporocyst, the sporozoites measure 7 0/* in length ard are arranged with 
their concavities facing the sporocystic re^iduim between tlcm The 
sporocyst of B roscoviensis, on the other hand, is pyriform in shape, and 
has a kiob-hke thickemng at its narrower pole; moreover, the two 
sporozoites in each sporocyst lie on one side, the other side of the sporocyst 
being occupied by the residual body 

A study of the endogenous stages found m the small intestine was not 
eoiclJiive, because of the simultaneous presence of the endogenous stages 
of another cocodium bospon sp described below 
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Diagnosis — D zoic tetrasporocystid condition of tte oocysts places this 
coccidian under the genus &mena Schneider, 1875 

Oocysts ovoid, 21 4/ir-24 17 4/i-18 8/*, discharged unsrgmented 

in the feces , sporocysts ovoid, 8 5/^x6 0/t, sporocystic residue in between 
the two sporozoites , sporulation period 3 to 4 days 

Systematic position —Eimena luchtowensis n sp (Eimerude, Coccidiida) 
Habitat — S nail intestine of Motaalla alba Linn 
Locality —Lucknow. U P . It dia 

Isospora sp 

Oily one coccidian belonging to the genus Isospora namely, / passenan* 
SjSbnng, 1897, has been reported from Motaalla alba Linn This para'ite, 
however, bas been recogri«ed as a synoi ym of Isospora lacazei ( Diplo- 
spora lacazil) Labb6, 1893, of the pascenne bird' .rd held 1^ certain 
workers to be a pathogenic species Thus Labbd (1893) mentioned tlat 
/ bcassi p-oved fa al to fl ichcs infected experimentally with m fficunt do'cs 
of this parasite Hidl.y (1910) asserted that the common Ergli'h 
and other birds, if chanced to fiid access into the poultry runs, could 
transmitf white diarrhaa to young fowls and blackhead to turkeys, the 
causative agent being the same parasite Becker (1934) stated that this 
** parasite has a special interest because it is a cause of loss nmong caged 
birds, particularly canaries ” 

Ez stence of more than one species of Isospora in passerine birds has 
b-en suggested by several protozoologists, e g Lathe (1893), Wenyon (192£) 
Bxker (1934), etc but cross-infection iXpeiimcnts have ro1 been corducted 
to support their views Labbe (1893), however recorded Isosoora nvoltg 
(■= D^spora rivolta) from chafflich, speckled mrgpie ard tilmou'e (all 
piiserinss), the distingJishing characters of this coccidian beirg the cenr- 
paratively heavier wall of its oocysts and the oocy^ts required rot le's tl an 
15 days ^abb£ in 1896 mentions " douzc a q Jinze joUrs ") for development, 
whereas in I lacazei the walls of the oocysts are thinner, ard the occyts 
req^iired 4 to 5 days (L bb6 in 1896 mentions " trois ou qualre jcuis ”) for 
sporulation Although Labb6 has given no illustrations of / nvolta, the 
above-mentioned differences, as well as the differences in themeasurenrents 
of the oocysts (in / lacazei lin-lSy. ard in / nvolta Ibii-lZn) are. 


* Also known u tmupora eommudtp tsenm SjObring, 1897 

t Hndlay*t umoim-O’nent of iha psthogenJcity of this pnraute hu, from cronHnfeetloa 
— kon proved naleoabls by Smith SmiUw(l9l7X Jobnion (1923), Bonghton 
(1929), eta, an.* an atieopie to Inftci fowls with this cocJdian have mat w th nulum. 
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I think, quite suggestive of regarding these two parasites as distinct add 
separate sp:cies * Bxker (1934. p 101) has also expressed that the species 
of I rivoltff, * as well as some new ones, may have to be recognised *' 
HjiV^v.:r. the present species of Isospora differs in certain respects from 
/ lacazel but in the size of its oocysts, comparatively tlickcr cyst walls, 
and delayed period of sporulation. it approximates to 7 nvoUa, and 
therefore, it has been avoided to dub a new specific name to it The 
distingjuhmg characters of this coccidian are given below 

The oocysts are spherical. 14 8/i-17 S/x in diameter, and are dis* 
charged in an unsegmented condition along with the faces of the host, the 
cyst-wall IS two-layered, the inner layer beirg comparatnely thck ard 
yellowish in colour, while the outer one is thin ard colot rle«s, micropyle 
and polar inclusions are absent; sport lation (Text -Fig III. 4-6) in 1 per 
cent solution of chromic acid requires 10 to 12 days, two sporocysts are 
formed in each oocyst and the oocystic residue is absent Each sporocyst, 
measuring 10 i /ix 7 4/i. ts ovoid in shape having one pole rourded and 
the other narrower, the latter having a nipplc-lke knob at its cxlrcmily, 
the Steida body is invariably absent m the sporocyst The contents of the 
sporocysts undergo segmentation and thus four spindle-shaped sporoZoitcs 
musuring 7 S m ui length are formed, and a voluminous residue is left inside 
each spo'ocyst The arrangement of the sporozoites does not follow a'^y 
regular order 

Bidogenous stages were not conclusive due to a mixed mfection (vid$ 
iHpra) 

Diagnosis— TetiazoK disporocystid condition of the oocysts locates this 
coccidian under the genus Isospora Schneider. 1881 

Oocysts spherical. 14 8;i-17 unsegmented m fresh feces; sporo- 
cysts ovoid, with mpple-like knob, 10 6fiX 7 4fi, sporulation time 10 to 
12 days 

Systematic position —Isospora sp (Eimerudc, Coccidiida) 

AiA/ror— 8 nail intestine of MotaciUa alba Linn 

Locality— Lockaow, U P . India 

* The cocodien / rivoiia Orasu, 1879, which inhabiu the intestmci of ceu end dop, 
hu beeo mentraoed ei / nvo/te by certain writers, e r Leuckart (1886, p 221, CoeadiMi 
nvoM), Dobell end O’ Connor (1921, p 98), etc If / Hvoltm (Labbd, 1893) u recognieed ae 
a vabd epedei, it u suggested, m order lo avoid eoBhuiOQ between the Iwoddbrentpaiuitef 
—the one occurring in cats and dop and the other in biidi that the name / Wmto should 
bo su b ePt u ted by t hbhti, o n 
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STUDIES ON THE REFRACTIVE INDEX OF MILK 

Part I Observations on Genuine Samples 
By K S Ranoappa 

(Depa tmeni of BiocI e la/fj Indian Inst tute of 6 lime langalore) 

RoLeived November 8 1946 

(Communicated by Mr M Sreen v<iiaya ba fiik fail) 

Various official tests physical and chemical, have been devised for the 
determination of added water in milk The principal ones are the well-known 
piesumptive standards for fat and solids not fat of milk the cryoscopic 
test (Beckmann, 1894) and the refractive index of the sour (I each and 
Lythgoe, 1903) acetic (I each and Lythgoc 1904) and copper sulphate serum 
(1910) of milk, prepared under standard conditions The preparation of 
the milk-serum has been resorted to owing to the opaaty of milk when 
viewed through the immersion refractometer The time consuming chemical 
procedure of this method has brought about the popularity of the cryoscopic 
test, although the latter needs a considerable amount of skilled technique 
in its measurement 

In this paper standardisation of a simple and quick method of deter- 
mining the refractive index of milk, in contradistinction to that of milk- 
serum, with the Abbe Refractometer has been attempted The cow and 
buffalo being equally common milch animals in India the range of variation 
of R I for each type of milk has been studied Further the relationship 
between the density and the R I (/ e Refractive constant, K) have also been 
calculated for a large number of samples The data from all these deter- 
mmations have been statistically analysed 

EXPFRIMbNlAL 

The R 1 determinations with the Abbe Refractometer were made, for 
the first few samples of milk, on whole milk But it was found that the 
presence of fat in milk necessitated a very quick adjustment of the total line 
of reflection in the refractometer, as otherwise the line tended to blur and 
flow with delay Defatted milk, therefore, gave a sharper and mote 
permanent line of demarcation without affecting the measure of the R I , 
thus permitting a greater degree of accuracy and freedom in the determina- 
tion Table I illustrates this fact 
86 
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Table I 

/?./. (40° 0)0/" whole and skimmed milk 

Cow j Buffalo 

Whole Skimmed Whole | Skimmed 

1-3450 1-3461 1-3470 1-3472 

55 65 55 85 

63 61 «l 50 

55 54 77 75 

After a few trials the following method was finally adopted 10c.c. 
of sample is pipetted into a Gerber butyrometer and centrifuged for 5 
minutes when almost all the fat forms a plug on top leaving skimmed milk 
at bottom A few c.c. of the latter is carefully collected in a test-tube with- 
out disturbing the disposition of the two layers, and the R I. determined 
on the skim milk. The readings were taken when the temperature of the 
instrument was steady at 40’ C , and repeated with fresh drops until the 
difference between consecutive readings did not exceed 0 0003. 

Samples of milk for examination were mostly obtained from the 
Military Dairy Farm, Hcbbal, about 3 miles from the Institute. About 
1 to 2-5 hours lapsed between milking and the analysis of the samples, the 
time lapse causing no detectable dilfercncc in the R T 

The farm has about 400 milking animals, the cows belonging to Scindhi, 
Tharparkar, Ongole, Cross (Ayrshire x Indian) and C.P. breeds, and the 
buffaloes to Delhi, Nagpur and Neeli breeds. Samples were collected 
both from individual animals as well as pooled milk, both chosen, as far 
as possible, at random from the herd. The bulk samples were collected 
from cans containing the yield of 15-25 animals. About half ihe number 
of cows were suckled by calves before milking, but the buffaloes were all 
milked without this practice The animals were m all stages of lactation 
from 15 days to about 8 months after parturition. Samples were collected 
in the morning (9 to 11 in summer and 7 to 8 in the rainy season) by the 
laboratory attendant, in whose presence the animals were milked, and 
brought to the laboratory in sealed cans The acidity of the samples lay 
between 0 09 and 0 11 per cent. Thus the data analysed in this paper 
cover a period of about 8 months, from March to June (dry summer) and 
July to end of September (rainy season) when plenty of green pasture is 
available 
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The animals in the dairy farm being managed under standard condi- 
tions, It was thought advisable to test random samples from animals under 
widely differing conditions of management The City of Bangalore is 
largely supplied by producers who own hardly a few animals each Animals 
in the City are stall-fed, while those in nearby villages go out to pasture 
While nch owners feed their cattle with concentrates like cottonseed, 
groundnut cake, etc poorer ones supply mostly hay and grass, and perhaps 
a little nee bran Thus, about 10 samples each of cow and buffalo milk 
were collected at random from all classes of owners for exanunation 

The composition of a large number of samples collected were also 
estimated The density (Celsius lactometer 20° C ) and fat content (Gerber 
process) were used for computing the total solids (which closely agreed with 
the values of actual estimation) with the following formula for Indian nulk 

T S = 0 25 (D-1000) + 1 2 F + 0 66 

The Refractive constant K, has been calculated according to the Lorenz 
and Lorentz formula 

where n = R I (40° C ), </ = density (20* C ) of milk 

More than 200 samples each of cow and buffalo milk have thas been 
analysed The frequency distribution of R I and K are represented in 
Figures 1 and 2 

The relationship between S N F and R I and between S N F and K 
are illustrated in Figures 3 and 4 

Discussion of Data 
Effect of Defatting Milk on R I — 

The figures in Table I show that removal of fat by centrifuging causes 
no difference in R I of milk This is to be expected as the fat is only a 
suspension in milk and forms no part of the solutes which contribute to 
the RI 

Limits of R I and K of Milk — 

While It IS realised that a much larger number of analyses are to be 
completed before studying statistically the nature of the frequency curve, 
it 18 felt that the data collected so far are enough to warrant the ^ing, at 
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least tentatively of the extreme limits of variation of R I and K for genuine 
cow and buffalo milk 




Xttairtiuiion oF RaFfoUvo 

JnJan <and Gonoimni o/* 

Cquj MUk 

Of all the samples examined about SO per cent were made up of mdi 
vidual samples and the rest of bulk samples Among these about half were 
analysed in the dry months March to June and the rest m the months July 
to October when lush vegetation was available for cattle 

It IS seen from Figs 12 that the hmits of R I of mdividual samples of 
cow milk normally extend from 1 3449 to 1 3480 buffalo milk from 1 3461 
to 1 3500 The luxiits are however considerably narrowed down with 
bulk samples due to the iromng out of extremes of mdividuality by pooling 
milk For cow nulk these are 1 3450 to 1 3471, and for buffalo mdk 1 3462 
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to 1 • 3487. It may here be repeated that these flgures are inclusive of varia* 
tions due to season, individuality and type of management (farm or village- 
bred cattle) and composition (cow milk, fat 2- 15-7- 1, total solids 11-47- 
16-(X), S.N.F. 7-97-9 35 and ash 0 66-0-75 per cent.; buffalo milk, fat 




t. 4 3u/A aomphm 

C ~ J Mutk* InJiviJual Samplmm 
S Fr*^umneu Pisifilubion ofi Pmfifaciiv* 
onJ Pmffaoiivm Conaiant oA 
Buffalo Milk 

3-0-11-0, total solids 13-8-20-0, S.N.F. 8-03-11 -3 and ash 0-70-0-85 
per cent.). Within these limits the most frequently distributed value (the 
mode) is 1 ‘3463 for cow and 1 • 3480 for buffalo milk. But it will be noticed 
tliat there are secondary maxima in each of the frequency diagrams. Ana- 
lysis of the data (which are not given in detail due to shortage of space) in 
the li^t of seasonal variations indicate that the RJ. in the dry months has 
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an average and a mode distinctly lower than in the months when a plentiful 
supply of green herbage is available for consumption Thus the mode is 
1 ■ 3450 for cow and 1 3470 for buffalo milk in summer 

Refractive Constant— T\\c frequency diagram of this constant brings 
out the fact that the range of variation of the constant is not only consi- 
derably narrower than that of R.l. but is much less subject to changes due 
to external factors. For cow milk, K. normally ranges from 0 2065 to 
0-2075, and for buffalo milk from 0 2076 to 0 2088 The modes, 0 2070 
for cow and 0 2080 for buffalo milk are also quite distinct from each other. 
Further, the range of K., unlike that of R 1 , is practically the same for both 
individual and bulk samples, which is an added advantage 

Relationship between R /. and K in com- and bufiah milk — 

It IS noteworthy that although a certain degree of overlapping occurs 
in the ranges of R 1 of the two types of milk, K is characteristically different 
for each milk m the overlapping range. Table il brings out this fact clearly. 

Table II 

Relationship between R I. and K in t oiv and buffalo milk 

Co« ^ liullalu 

KiiDg« of R. 1 Range of K.l . 

(40* C ) (40* I .) I 


1 3440-00 O-SOOO 1 3402-470 0 2070 

40-00 00 07-80 77 

40-03 07 06-80 78 

00-00 08 70-87 70 

04-73 00 03-02 80 

40-07 70 71-03 81 

03-00 71 72-04 82 

00-70 72 78-07 83 

94-72 73 72-001 84 

02-70 74 82-404 80 

43-00 70 84-02 80 

71-78 70 80-07 | 87 

00-04 I 88 

With the help of K and the correspondmg R.l it is thus possible to 
characterise the type of milk under examination with considerable certainty. 

Relationship between S.N.F. and RJ. and A oj Milk.— 

Fig. 3 Ulustiatea the approximate relationship between R.I. and S.N.F. 
of milk. Gross differences in S.N.F. are reflected, more or less, in corres- 
ponding nhang ea of R.l. Elsdon and Stubbs (1929) observed a similar 

U 
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FiQ.3. Rtlationahip hmkuamn SoM»-not fal and 
Pefraeiiua InJm» of Milk, 


C«na milk 



7-0 *0 9-0 »-S 


J< Solida-nol-fat 

4 Rmlationmhip hmlturntn 
Buffalo 


MttIfaU milk 



}i SoUJa • not - fai 


B.M. 'F ant! K In Cota and 
milk. 


relationship between S N.F. of milk and R.I. of milk-serum. But it is of advan- 
tage that no such relationship (Fig. 4) exists between S.N.F. and K. 
The figure shows that in spite of abnormal changes in tlw S.N.F. content 
of ndUc. K ranams within normal limits. 
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tablb in 

Rekrtionship between certain constants of milk low in S.N.F. 
(*rc?) s N F. » |r. 1 (40"l-)| K 



It can be seen from the above figures that samples of milk low in S.N.F. 
(with less than 8 ■ S%) are usually associated with low R.l. and values of K 
considerably above the minimum for normal milk. It is perhaps possible 
that such a correspondence of the two constants is, as a rule, characteristic 
of genuine samples with low S.N.F content 

In the light of the above data it is concluded that samples of cow milk 
with R.l. less than 1-3449 and K. less than 0-2065 and buffalo milk with 
R.l. less than 1-3461 and K less than 0-2076 can be considered to be 
adulterated. 

Summary 

A simple method of detemumng the refractive index of milk with the 
Abbd refractometer has been devised. About 10 c.c. of sample in a Gerber 
butyrometer is centrifuged for 5 minutes m an ordinary milk centrifuge. 
A few C.C. of the defatted milk is carefully collected without disturbmg the 
fat layer and tested for R.l. It takes less than 30 minutes to test the R.l. 
oi a dozen samples in this fashion ; and these values represent, unlike those 
of milk-serB, the true refractive index of milk. From the density and R.l. 
the f^lractive cimstant. K, has been calculated,. 
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The R I and IC of more than 200 «aimples each of cow and buffalo nulk 
have been tested over a period of 8 months The limits of R I for cow milk 
he between I 3449 and I 4480 the mode being I 3463 and for buffalo milk 
between 1 3461 and 1 3S00 the mode being 1 3480 K is distinct and lies 
within much narrower limits for each tvpe of milk cow milk 0 206S-0 2075 
and buffalo milk 0 2076-0 2088 These limits unlike those of R I are 
independent of the solids not fat content of milk From the available data 
It is concluded that samples ol cow milk with R I I 3449 and K 0 2065, 
and buRalo milk with R I 1 3461 and K 0 2076 can be considered 
to be adulterated 
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iNIROOUCriON 

Tjhf material on which this paper is based was collected at Oiithea, during 
an excursion with Professor Btrbal Sahni, f R s , in January 1942 The 
village ot Onthea (m the Province of Bchar) is situated at a distance of about 
4 miles due south of Maliarajpur railway station on the E I R loop hne 
between Sahebganj and Tmpahai (Ganjit. 104b, Text-tig /) Mo t of the 
forms described here were discovered on breaking hard siliceous rocks which 
apparently showed nothing on the exposed surfaces The work was earned 
out at the Lucknow University under the guidance of Prof B Sahm The 
figured material is preserved in the museum of the Department ot Botany 
and Geology. 

I wish to express my deep sense of gratitude to Prof Sahni for his 
constant help and guidance given me readily throughout this work I am 
greatly indebted to him for spending a good deal of his valuable time with 
me in discussing the nature and affinities of the new forms described in this 
and the two succeeding papers which will be pubhshed shortly My thanks 
are also due to Mr R N Lakhanpal, M Sc , for kindly correcting the 
proofs of this paper 
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This work records the find of i very interesting new type of Gymnospemi 
seed-beinng fructificition resembling in some respects the genus Beania 
from the Jurassic of Yorkshire which is. now regarded as the fructification 
of a true cycad but having no cicir affinity with that genus 



Text Tit 1 Bean ops s rajmalalcn s fccn ti sp i ov showint p rlion of the cone axis 
and a par of weds lyiib near it The sx i longimdinilly straied On the left of the 
axis a spoiophyll stalk is seen to r i. Ihe two seeds are flaiieid o t il c base of each s 
distinctly T unded and cordate anJ the mieripylir end i% clong ted and flattened giving 
the ent re seed a r ther flask like torm 0 18 C 12^ 

Ttxr l-io 2 Beaniopsu rq/mahaien is gen et sp nov T’^o pairs of seeds lying near each 
other Each seed sho \s a very dist net med n loiigUud nal groove continued from its base 
to apex The m cropylar ends of the two ceds r a pa r point mad reeUon away from 
each other 0/19 Ci 20 

Db CKii rio\ 

Beaniopsis gen i ov 
OeneriL Diagnosis 

Female gvmnospermous strobili of obscure affinity resembling Beania in 
their broad featiues hut differing in the fact that eaih sporophvU is expanded 
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distally into a ^poon-Iike organ which bears upon its upper mjaa two dnergent 
platyspernuc ovules 

This genus is based upon seven well preserved specimens, dll from 
Onthea. Tbe speamens contain well preserved sporophyll>- utachcd lo a 
central axis The scales are stalked and each bears two ovoid sessile seeds 
placed distally in a broadly U-shaped depression of the sporophyll 

As regards the affinities, this genus is obviously a gymnosperm, the 
only groups within the gymnosperms to which any relationship at all can 
be suggested are the Cycadales and Ginkgo lies, but even these compirisons 
must be regarded as distant and tentative Beaniopsis bears some resem- 
blance to the female fruits described by Cirruthcrs under the generic name 
Beania from the Jurassic of Yorkshire This genus was formerly regarded 
as a member of the Ginkgoales {Seward 1900 p 276) but Harris’s recent 
work {1941. pp 82-97) has shown that it resembles m all important clu ras- 
ters the female cone of a typical living Cycad 

The specimens from Onthea. however exhibit considtnble diflcrciccs 
from those described under Beania The differences he in the size of the cone 
axis, in the shape and size of the sporophylls and seeds in the mode of 
attachment of the sporophyll stalks to the cone axis and in the mode of 
attachment of the seeds to the sporophyll In consideration of these dis- 
tinguishing features the specimens from Onlhe i have been placed in a sepnrate 
genus which has been named Beaniopsis in order to indicate that it may 
possibly have some affinity with Beania 

Specimens of this type have not so fai been recorded from anywhtre 
in India Our knowledge of the genus is still necessinly impeifcet owing 
to the difficulty of obtaining complete specimens but it ni ly be th it \iili the 
discovery of further material Beaniopsis iniy ultimately piovc to be, like 
Beania a rare type of fossil Cycadean fructifications 

Beaniopsis rajmahaknsis sp nov 
(PI VII, Photos 1-6, PI VIII Photos 7-11, Text fig 1 2) 
(Specimens 0/17-0/24) 

Specijn Diagnosis 

Female cones about 1 5 cm long with a sUndei longitudinally striated 
axis less than 1 mm thick Sporophylls distant, attached alternateh h\ 
means of slender stalks 2-3 mm long and less than 5 mm wide wliuli usually 
arise at angles of 60“-70° from the cone axis The apex of each sporophyll 
IS differentiated into a spoon-hke structure bearing two oioid platyspcnnic 
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\ted\ each about 1 mm X 2 mm The Sietl\ an usually seen to he with their 
principal planes ui conlinuatnn with i icit itlur hut the oncntution of this 
plane with reference to the median pi lu f the p loplivll Ualk is it ill difficult 
to determuie The lomi axa of the two \ei l\ in a pair dnei^i from each other 
at an angle \arvme, from abnit to to I )0 I he mieropylar end\ of almost 
all the scedi are embedded in the toek matiix an I the bt lad chala^al end only 
IS visible at this end the prineipal plane if each seed is distinetly marked by 
a median lom,itiuhnal line 

Loeality — Onthc i in the Rajiiuhil Hills Colleetion — Sahni and party 
(January 28 1942) Horron Rijmihil Scuts (Upper Gondwam) 

Cnu axis 

The longest fni,mtnt his i cone ixis about 1 5tm long but it is quite 
likJy thit the onginil axis wis somewhat longer The rotlc is quite hard 
and fnelures very irreguhrly hentt all efforts to develop the specimens 
filled The axis in the larg st specimen (0/21 shown jn Photos 1-3) which 
m ly be regarded is ihe lyp of the speeies is h xrdly 1 mm wide The sporo- 
phylls arise from the axis m i spiril manner at rithcr long intervals The 
length of the intenode is ibout 2 mm Ciiies with altiehed sporophylls 
are pre ervtd in o ily three spetinieiis (0/21 0/17 0/23) shown in Photos 
13 4 11 In all other speennens (here ue well pieseived seeds but only 
frigments of the CO le ixis are ivail ible (Photos 6 7 9) 

The ixis is loigitudmilly ndg d but oily two or three ndges are seen 
throughout its length At pi lees i ndue 1 r im the axis is seen to be contmued 
for some distanee into the stiff of i spoiopliyll The spoiophyll stalks 
inse fiom the ixis at angles virying b Iwteii 60 ind 70 A few stalks 
seem to inse at smiller mg es These ire milked S m Photos 1 and 4 
These virntions miy be ittributed to different mode of preservation rather 
than to any fundimenlil dfRrencts in the or ginal speeimcns As a rule 
we may tike it that the spoiophyll stiffs arise fiom the ixis at ingles of 
about 65° 

Sporophfll italk 

The stalk of the sporophyll is 2 to 3 nim long and less th in i mm wide 
It IS str light and like the axia has a longiludin dly wrinkled surface These 
wrinkles arc probably due to shrinkage on dry g as in the male flowers of 
a modern Gingko and do not eoi stitutc a sliuetural feature 

The distal end of the stalk enlarges to form a spoon like structure which 
may be called the ‘ head ’ This bears two seeds on its upper side but the 
exact manner of att lehment of the seeds is not quite clear In several fairly 
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clear cases jn which the piir of seeds is seen from the dial iz il end the median 
lines marking the principal phnes of the two steds lie in continuation with 
each other and in the s imc pi me as the long ixis of ihe sporophyll stalk 
This seems to be Ihe usual st lie i f affairs But ihire is at Ic ist one sporo 
phyll (Photo 2) on which the two seeds seem 1 1 lie side by side cbliquely 
somewhat recalling the condition in Cheirolcpis although there irc important 
differences of dctiil fhe ex ct mede of att lehm t ( f the seeds which is 
so important i diigiostic eiineler must unf rlui itely be left undecided 
until better preserved mitenal com s to hind A a rule the seeds are pre- 
served on almost all the st ilks and have not f illen ofl This may indic ite a 
rather young stage of d velopment Sime pairs if s cds however occur 
detached from their sporophylls 

The seeds are somewhat ilm< nd shaped i d 1 1 pre eiv ition they assume 
peculiar forms which mikes their interpret ition somewhat difficult at first 
ai^t The normal size of e ich seed is about 2 mm by 1 mm The micro 
pylar ends of the two seeds in i pair point in a direction iw ly from each other 
as shown in Text Figs 1 2 The bise of the seed is rounded and cordite, 
towards the mieropylar end the seed becomes tlon ated and flattened so as 
to form a small tube like structure giving the entire seed a rithcr flask like 
form Some of the rock mitnx is enclosed between the two seeds at the 
base By chipping the specimen some of the seed w re fractured trans 
versely but no det ills of the structure of the integumc it could be made out 
The bicannate mtegument is i marked feature of the seeds the two carma: 
being seen as very distinct mediin longitudinal ridges which are continued 
from base to apex Not infrequently however the ridge is replaced by a 
groove (Photos 7 8) in which the rock matrix is seen wedged in Some 
times the groove is so deep that it first sight it looks as if there ar- four seeds 
instead of two If a fractured surlice of a seed is examined circfully il is 
seen that this ndge is onlv i surface fe iture probably representing the adher 
mg remains of the integument which elsewhere has been broken olT from the 
smooth surface of the nucule The superficial nature of this ndge is seen 
in Photo 10 where a seed marked S has been fractured transversely 

Some of the seeds which have been shed have been flattened out in 
preservation and the micropylir ends of the two seeds diverge from each 
other at a wider angle than usual This character is quite common and 
almost all those seeds which have fallen are flattened in this manner On 
looking at specimen 0/18 (Photos 9 10, Text Fig 1) it seems as if this 
flattened seed is attached by means of its mieropylar end but on a close 
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eximiiDtion it becomes quite dear that the two seeds have become flattened 
out in prescrvition with their micropyhi a ds pointii g iway from eich other 
The ridgL is cLirly seen only in one seed in the othei it is present only at 
the biSL ThtSL two s^cds may or miy not h vc belonged to the axis near 
which they Ii Aiothcr well preserved specimen bciring a pur of fallen 
seeds flittened in the above m inner is seen in Photo 6 Here the super 
fici il 11 itiire of this ndge is quite evident 

Til occurrci ce of this ndg miy however be ilso explained in another 
m inner Some of the seeds t f Cycai (Seward 7917 p 25) ire it times flat- 
te ltd d have t vo promin it ingles Sim I irly three angled seeds h ive been 
found 1 1 Ginkgo biloba (Seward and Gowan 1900 p 124) It is quite likely 
thit the seeds of Bcaniop^is rajmahaknsis were ilso two iiigled ind this miy 
cxpl nn (he oteurrence of the ndge 

Sometimes the sporophyll stalks seem to hive become twisted through 
almost 180“ so as to lie upside down and the ‘held of the sporophyll is 
seen worn awiy m such a m inner as to make the ch il iz il ends of the seeds 
with the itlachcd sporophyll stilks distinctly visible This condition is 
clearly seen in Photo 5 where two sporophyll stalks marked si and s2 have 
become twisted and the ehalazal ends of the seeds are clearly visible 

The micropylar ends are embedded in the rock matrix but on examining 
closely tile chinks around the seeds it becomes obvious that the two micro* 
pyles point aw ly from each other the longitudinal axes of the seeds diverging 
at a Wide angle which varies from 60“ to 150“ 

Comparisons 

Of the other fossil remains which appear to offer comparisons with 
Beaniopsis special mention may be made of Beania Ginkgo Cheirolepis and 
Palissya 

As fai as the present data go the closest resemblance appears to he 
with Beania gracilis Carruthers Until recently Beania was regarded as an 
extinct member of the Ginkgoales but it is now m the light of Harris’s recent 
work (1941 p 93) to be regarded definitely as the fructification of one of 
the true Cyc idale If tlie resembl inecs with Beaniopsis are proved to be 
based upon a real affinity then our fossils may also be considered to be the 
female cone of a cycad although of course they are sufficiently distinct 
from it to be separated under a new generic name 

In Beaniopsis rajmahalensis the length of the cone axis is quite smal l (about 
1 5 cm), the size of the seeds likewise is smaller (usually 2 mm by 1 mm ) 
and the sporophyll stalks arise from the axis at an angle less than a right angle 
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Oil the olner h uid m Btanui gratihi iii. ra itu l eo c considci ib l uc 
(ds long as 10 cm ) the seeds are corres, ondingly larger ^the largest being 
16 X n mm and the smallest 7 x 7 mm) md the sporophyll stalks arise 
from the ixis at right a iglcs In Beaniopm rajmahalensis the ipex of eicl 
sporophjll IS differenli lied inte i spool like fueturc bearing two ovoid 
platysp rmic e ds oi its upp r side The meiopyl ir ends of the two ceds 
in i p ur poi It in a direch >n awiy from eieh otJ er and the prineipil plane 
ot leh seed is dis( netly m rked by i mtdiiii loiigitudin il line In Beania 
graci/iJ the h id of the poiophyll lilks is usuilly fliltencd and bears two 
oval seeds whieh are pi leed pal illcl to the sporophyll slalks with their 
micropylir ends facing the cone ixis 

If we eompaie Bcaniopsiv with Ginkgo wc find that the differencts are 
rather numerous The femile flowci of Ginkgo biloba consists of an axis 
bearing two terminal sessile ovules one on each side of th*. apex the base 
of each ovule being enclosed by a small coll ir the n lute of which has been 
differently interpreted by different aullurs Some ibnormil flowers have 
also b en found m which the axis b trs sever il ovules irregularly arranged 
The p duncles bearing the ovules ar^ greatly inclined to the ixis Such an 
arr ingemcnt however docs not help us very much to rel itc Beaniopsis with 
Ginkgo In the Ginkgi flowers the ovules are termin il the apex pointir ’ 
outwards on the other hind m Beaniopsi<t they ire placed on the upper side 
of a spoon like expansion of the sporophyll 

A eompinson of Beaniopsis with Cheirokpis Sehimper and Palissya 
Endlicher does not lead us inywhcre Of these two Btaniopsts shows a 
nearer relation with Cheirolepis Cheirolepis (Hirmer 1936 p 39) has oval 
cones composed of a number of five lobed cone sciles e leh bearing two seeds 
Each cone scale consists of a bract scale ind i deeply lobed ovuliferous 
scale The ovules lie neirly parallel to the bract scale with their micropyles 
facing the cone axis Wc have seen that in Beaniopsis rajmahalensis there is 
at least one sporophyll on which the two seeds seem to lie side by side 
obliquely suggesting a distant similarity with the irr ingement in Cheirolepis 
This does not mean much when wc know that sueh m ibnormal pocition of 
the seeds in Beaniopsis is due to a twist in the sporophyll stalk 

Pahssya {Hirmer 1936 p 42) has lax female cones The cone scales 
are narrow and lanceolate with a pointed apex Each cone scale bears 10-12 
seeds m two rows and each seed has a eharaeteristie eup like basal eupule 
There is here no evidence of the double nature of cone scales as in Cheirolepis 
If we try to relate Beaniopsis with Pahssya wc are confronted with grave 
difficulties Suppose we admit that the cone scale functions in the same 
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way as the sporophyll stalk and further that the basal cupulc in PaJissya 
IS analogous to the cup shaped expansion of the distal end of the sporophyll 
stalk of Beaniopsis, we cannot account for the considerable difference in 
the number of seeds and their mode of attachment which is entirely 
different m the two 

On this point, however, a closer resemblance would seem to he with 
Stachyotaxus elegant Nathorsl (Nathorst 1Q0S p 11, Hirmer 1936 p 42, 
Se}iard, 1919, p 411) in which the sporophylls arise approxim iltly at light 
angles from the axis, each sporophyll consisting of a short and thick stalk 
expanded distally into a scale like outgrowth with a pointed apex and bearing 
two seeds, each of which is placed in a cupulc But if we were to go into 
other details, we would find that here also the possibility of any close affinity 
totally fails 

In view of all these points, the real affinities of this extraordinary genus 
must be left undecided till some more material is available 

Summary 

The interesting forms described in this paper under the new generic 
name Beaniopsis were found at Onthea in the Rajmahal Hills Most of the 
specimens show Well preserved female cones with distant sporophylls attached 
alternately to the cone axis by means of slender stalks The stalk of the 
sporophyll is straight and like the cone axis its surface is longitudinally 
wrinkled The distal end of each stalk is spoon shaped and bears two seeds 
on Its upper surface The exact mode of attachment of the seeds is not quite 
clear and must remain unsettled till better preserved material is found 
Usually the seeds are placed in such a manner that the median Imes marking 
the proicipal planes of the two seeds he in continuation with each other and 
in the same plane as the long axis of the sporophyll stalk The seeds are 
somewhat almond shaped with the base rounded and cordate, and the 
micropylar end is elongated and flattened The micropylar ends of the 
seeds m a pair diverge from each other at a wide angle 

The genus is evidently a gymnosperm and the only groups to which a 
relationship can be suggested, with the present data in hand, are the Cyca- 
dales and less probably the Gmkgoales 
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PiAxr VII 

Ikaniipsis uijmaliahnsix gen cl s| no\ (I h ilos I 6) 

Photo 1 Two Temalo eones lying neiroaeh olhei I neh bcirs x number ol xlternatcly 
ittached sporophylls Tlie spi rophyll stalks iniiked S ire scei to aiiso from ihe 
eone ixis it i sni iller ingle III in isu il 0/21 '* 

Photo 2 lilt same spceinwn tnlirgcvl 1 1 show the nilure >1 eoiie ixis and of the sporophy 1 
stilk On one sporophyll (s) the two seeds stem I s lie side by sidt obliquely 
0/21 4 

Photo 3 Part of i lemxic eone flit tc ic i\is shows longitudinal stri ilions dislintily 
It one or two pi ues 0/21 2 

Photo 4 A well preserved female eone beinng illernately ittichcd sporophylls The 
sporophyll stilk ni irked S is seen to iiise Irom the eone xxis it i sin iller ingle 
than usual 0/17 2 

Photo 5 The same specimen cni irgcd The spoiophyll slilks m irked si ind s2 hue been 
twisted Iho head of the sporophyll is seen wnni iwiy ind the ehxhzil ends of 
the seeds with the attached sporophyll stalks ire elcaily visible 0 17 Cu K 
Photo 6 A pair of seeds flattened out and exposed by their chal i/al ends The mieropylxr 
ends of the two seeds seem to diverge liom each oiher al i railier wide angle 
0/17 X 13 
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Plate VllI 

Beamopsis rajmahalensu gen et sp nov (Photoa 7 11) 

Photo 7 Two pain of weds lying tide by aide Each Mcd shows t distinct mediiin longi 
tudinal groove continued from its bise to apex In the upper pirt if this 
photograph fragments of cone axis are seen 0/19 x 2 

Photo 8 The same speamen enlarged Towaids the top left of this photo(,raph the round 
and cordate base of a seed is seen rather well preserved x Ca 6 

Photo 9 Fragments of cone axis with a few attached sporophylls The positni of a pair 
of well paservod seeds lying near an axis is indicated by means of an titow 
0/18 X 2 

Photo 10 A portion of the same specimen enlarged to show the pa r of seeds referred to 
above Each seed is flattened and shows a distinct median longitudinal ndge 
coniiniied from its base to apex The micropylar end of the seed is flittened out 
and the base is rounded and cordate Towards the top left of this photO(,raph 
a seed marked S is fractured transversely and reveals the superficial nature of 
the ndge X Ca 6 

Photo 11 Fragmoit of a female cone 0/23 x 2 
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INTRODUCIION 


The fossils here described were collected on 28th January 1942 at Onthca, 
a village in the province of Behar by i party of rcseirch students of Lucknow 
University led by Professor Birbil Sahni r r s The author then a research 
student was also a mwinbcr of the party The locality of Onthea was pre- 
viously known to earlier investigators like Oldham Morns, and Fcislmaniel 
The exposure of the plant-bearing strata is not far from the village (Ganju, 
1946, Text Fig 1) Almost all the fossils were collected from beds in situ, 
and, therefore, there is no doubt that they belong to the Rajmaltal Senes 
The different forms were found on breaking hard, fine grained, siliceous 
rocks A few of the ‘ flowers ’ were found by Dr R V Sitholey while he 
was breaking some pieces of tht big slab (Gaiyu, 1946. Introduction) I am 
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extremely grateful to Dr R V Sitholcy who has been kind to hand over 
these specimens to me for description 

The entire work w is t irried out under the close supervision of Professor 
Sahni The figured specimens irt kept in the museum of the Department 
of Botany and Geology I ucknow University 

It IS matter of very gre it plcisurc to express my indebtedness to Pro- 
fessor Sihm for the ungrudging help and valuible guidance he has been 
constantly giving me ft is needless to say that without his suggestions it 
would have been well nigh impossible for me to bring up this work to its 



O tlcoHil IS pollan Ira gen ct sp nov 

Text Fio I A number of m cr | orophylh viewed from their adixiil suif-ice and lying 
on the inner side of a port i i of ilu- | cr anih hach sporophyll is divided into two pirts 
(i) a very short ste Ic b -rl port > b lad y rounded dt its lower end and contin led distally 
into (u) a long ind narrow very nd illy Uperii^ scale 0/30 x IJ 

Text Fio 2 Bisil p ri ns cf four or hvc sporopbylls lying on the inner surface of 
(he perianth 0/45 '>i 

Text Fio 3 Lateral view of t vo uppermost sporophylls of the specimen shown in 
Photo 10 These sporophylls hive become folded longitudinally along the middle Ime so 
that the two rows of syning i mdki. in icute angle with each other 0/72 x Ca 6} 
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present form I am again indebted to Mi Ljkbanpal tor the trouble he 
took in seeing the proofs of this paper 

An extremely interesting and an aitogether hlw type of a gymnosperm 
male fructification, is described in this piper It is not possible to express 



Ontheanthus polyandia gtn U sp no\ 

Text Fro 4 Cdmera luuda sketch ol ihc uppiimosi spoioi i >11 ot the spx.imen shown 
in Photo 10 Here t slnp of the Tbixial sterile tissue is skiry seen to be ir on ils upper 
(adaxial side) the two rows of synangui which h ivc been broi ght into view by the removal 
of Che dbaxidl sterile tissue except for one narrow sii p niirici s 0/2 14 

any definite views about the real alfinitics ol this form but it seems to be 
a male ‘ flower ’ of some unique type ot B niKtliltlts 

Description 
Ontheanthiis gcii nov 
Ociurit dia^no\t\. 

Male flowers, probably Bennettitalean wuh niomroui dont'aled mtero- 
sporophylh crowded rotutd an elontraUd itntral rittpunh which i\ inclosed 
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Within a cup like penemth Each sporophyll bears two contiguous rows of 
crowded ttans\(ricl} elongated s\nangia 

Under this genus are included some gymnosperm fructifications of a 
very interesting nciv type which were found only at Onthea The only 
species of this genus Ontheanthus polyandra sp nov is represented by at least 
fifteen specimens All the sp cimens arc ineomplete but i provisional 
reconstruction of the numerous fragments suggests that here we have an 
iltogethei new type of m ile fructifications probably beloi ging to one of the 
Bennettitalcs A lirgc numb i of elongited microsporophylls rounded at 
the bise and griduilly iirrowing towards the distil parts ire attached in 
a crowded min ler all round i thick elongited receptacle The sporophylls 
bear numerous narrowly oblong sporangium like organs pi iced transversely 
in two contiguous rows So ne of thc-»c sporangium like bodies show definite 
signs of partition into chambers They must therefore be rtgirdcd as 
micro syn ingia illhough i o spores have yet been found in them The 
entire receptacle with its mas-> of sporophylls is enclosed m single cup like 
periinlh The intern il surface of this perianth and the surf ice of the re- 
ceptiele ire peculnrly wrinkled 

No definite vieWa c in be expressed regarding the afhnitics of this fossil 
As will be shown liter this fructifie ilion seems to be a male flower’ of 
some peculi ir type of Bennettit lies resembling in some respects the genus 
Cycadeoidea 

Ontheanthus polyandra sp nov 

(PI IX Photos 14 PI X Ph tos 5 7 PI XI Photo 8 II 
PI XII Photos 12 14 Text Figs 1 4) 

(Sp cimens 0/30 0/37 0/39 0/46 0/71 0/75 0/80 0/103) 

Specific diagnosn 

Flower pedunculated at least 7 cm long Peduncle about 1 cm thick 
Perianth deeply funnel shaped about 5 5 cm long and 3 3 cm in the broadest 
part with the inner surfac i longitudinally wrinkled Receptacle at leasts 5 cm 
long 2 m III its broadest middle portion gradually narrowing towards the base 
and ape x The urface of the receptacle is longitudinally corrugated m the 
same manner as the inner surface of the perianth Androecium exserted 
Spore plnlh very mimeious at least 120 but p/obably man} more in each flower 
attached in a densely crowded manner all round the receptacle throughout its 
length and overlappuig each other Each sporophyll is attached by a thick and 
broadly rounded sterile base about 3 mm x / mm This is continued distally 
into a long and narrow very gradually tapenng scale about 2 5 em long and 
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about 3 mm to f 3 mm broad nhich bears on its adaxial surface two closely 
set rows of narrowlv oblong synangia The two rows of synangia are conti 
guous with each other being sepaialed onli by a narrow median line They 
lovir the whole upper surface of tin stale excluding only a \er\ narrow 
marginal strip of the sterile part ef the sporojhxll on either side The s\nangia 
in eaeh row in also contiguous those in the broa I basal part of Ine seale {pe\t 
to the sterile base) are about / imm x 5mm those placed more distally 
about 7 mm x > mm Some of the sinangia show clear signs of being 
diMd 1 IS in Cycadeoidea into a nwnoer oj e lamheis sliieli he on the two 
sides of median partition Spores not seen 

Locality Onthci (ibout four miles due South of Maharajpnr railway 
station) in the Rijmahal Hills Bchir Collection Sahtii and party 
(Janu iry 28 1942) Horizon Rajmahal Senes (Upper Gondwam) 

General Strueture of the Flewer 

The above diagnosis is based upon a reconstruetion ol about fifteen 
specimens none of which is complete The most complete flower which 
IS to be regaidtd is the type specimen is shown in Photo 1 This repre- 
sents a longitudinally fractured flower the other half of which was broken 
whil splitting the rock The portion preserved measures about 6 5cm 
long ind 3 3 cm wide It shows in outer continuous cup like envelope (c) 
serving is i periinth The distil pirt of the pen inlh is not preserved and 
thcretoic it is impossible to siy whether it wis i continuous structure or 
lobed IS in most Bennettitalean flowers 

Thit the fracture through this flower his pissed somewhat tangentially 
IS evid nt Irom the fact thit we see a number of sporophylls (ibout eight or 
nine) pi iced longitudinally even in the middle of the specimen (Photo 1) 
These must hive been itt lehed on the side of the receptacle facing away 
from (lie rcider for they ill present their idaxnl (that is synangium beiring) 
surf iCe Tile sporophylls att iched along the right ind left sides of llie section 
ire only seen t it through thtir sterile swollen bises. whieh thus ippear like 
two longitudui il Series of lobes 

It IS not e isy to estimitc the thickness of the rceeptiele in a tangential 
section but it appears to have been at least 2 cm thick and this estimate 
agrees more or less with what we find in Photo 4 

The entire hollow of the perianth must have been filled up by the recep- 
tacle and its attached microsporophylls The distal parts of the sporophylls 
must have expanded out from the perianth like the exserted stamens of a 
modern flower The internal surface of the perianth and the surface of 
reteptaelc are longitudinally wrinkled throughout (Photos 1 4) 
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Rt ccptacle Pedundi M d of Atia hment of Flower 
In Photo 4 we stc two flowers lying almost par-illel with each other, 
possibly attached to one and the same axis which however is not preserved 
In each of these the flowers longitudinally wrinkled lower h ilf of the recepta- 
cle IS seen gradually narrowing downwirds into i thin cylindrical peduncle 
especnlly well seen m the right hand 11 )Wer Attached on the upper part 
of each receptacle We sec (especially m the left hand flower) the swollen basal 
parts of a few sporophylls which are seen continued distally into their narrrow 
fertile pirtions 

Number t f Sporophylls in the Flower 
The number of microsporophylls in each flower must have been very 
large indeed to judge by their densely crowded arrangement Some idea 
of their number may be gamed by examining Photos 1 2 4 5 In the 
middle region of Photo 1 we sec as already stated about eight or nme 
sporophylls placed in a trajisvcrse row roughly pirdiel to each other The 
number of sporophylls met with in passing along a vertical section (as repre 
sen ted by the lobes at the right side of the photograph) is about eight 
Assuming that the other half of the flowtr also contained the same number, 
if not more we may take it that on an average there were in all about 128 
to 144 such scales in each flower 

Roughly the same sort of estimate is arrived it by examming Photo 2 
which also represents a tangenti il section through a flower although here 
the perianth is only preserved on one side (p) Here too we find that in 
passmg transversely across this photograph eight or nine sporophylls are 
met with placed parallel to e ich other as in Photo 1 In the lower part 
of the photograph the swollen basts of a few of these sporophylls arc seen 
The number of sporophylls traversed in pissing from below upwards is 
not clear but d wc compare Photo 10 it is evident that this number must 
be not less than seven 

Photo 4 illustrates the considerable length which the receptacle must 
have attained and also shows (see left hand flower) that it was fertile even 
in Its narrow distal portion which here is clearly seen bearing a vertical senes 
of thick sterile lobes taiicrmg upw<^ds into their narrow fertile scales 

Form and Structure of the Microsporophylls 
The microsporophylls reach a length of about 2 5 cm Each sporo- 
phyll IS divided into two parts (i) a very short sterUc basal portion about 
3 mm X 1 mm broadly rounded at its lower end and concave along its 
upper margii Tin i eoitii a d distally into (ii) a long and narrow very 
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gradually tapering scale, about 2 5 cm long and 3 mm to 1 S mm broad 
It IS likely that the scales reached a considerably greater length and projected 
well beyond the perianth These bear on their adaxial surface two closely 
set rows of narrowly oblong synangia It is by the short sterile basal portion 
that the sporophyll is attached to the receptacle The longitudinal section 
in Photo 1 shows clearly on the right-hand side the attachment of seven or 
eight sporophylls of which only their basal portion is visible The same 
kind of structure less clearly preserved, is seen in the left-hand side of the 
photogralph In Photo 5 (Text-Fig 1) we see four or five sporophylls 
viewed from their inner (adaxial) surface and lying on tJie inner side of a 
portion of tile perianth The same specimen is shown slightly enlarged 1 1 
Photo 6 and still further enlarged, to show the details in Photos 7 Sand 12 
In several of the sporophylls the sterile marginal strips aire seen as thickened 
ridges extending along the two sides of the sporophyll, especially in their 
basal portions Covering a portion of the third sporophyll from the right 
are detached strips of the abaxial sterile portions of one or two sporophylls 
which lay above them (that is, m a position internal to them with respect 
to the receptacle) and were broken off with the counterpart 

The basal parts of the scales are seen to overlap one another Those 
which pass along the plane of section arc seen complete The mierosporo- 
phylls are closely packed leaving no space between them 

In the specimen shown in Photo 1 it looks as if the sporophylls are 
attached to the inner surface of the perianth but this appearance must be 
deceptive This flower has accidentally been fractured tangentially, and the 
portion of the perianth on which the sporophylls appear to be attached is 
seen from the inner surface to which the sporophylls have remained adhering 
A somewhat similar specimen is seen in Photo 2 which has already been 
described above 

In Photo 10 we sec a lateral view of a row of about seven sporophylls 
attached to the receptacle (r) and viewed from their abaxial sides Of these the 
three uppermost microsporophylls arc further enlarged in Photo 11 to show 
clearly the form and arrangement of the synangia The synangia have been 
brought into view by the removal of the abaxial sterile tissue of some of the 
sporophylls except for one narrow strip marked s (see also Text-Figs 3, 4) 
Specimen 0/33 (Photo 3) which in its general features is comparable with 
Photo 5, shows relatively narrower and longer sporophylls, lying on the 
mner surface of a portion of the perianth Specimen 0/45 (Photo 9, 
Text-Fig 2) shows the basal portions of four or five sporophylls lying on the 
inner surface of the perianth 
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The Microsynangia 

The microsynangn are contiintd in numerous narrowly oblong sac-like 
organs arranged transversely in two dense rows one row on cither side of a 
mednn line They lie quite flat usually making an angle of 90° with this 
line (Photo 12) Some sporophylls have become folded longitudmally 
along the middle line so thil the two rows of syinngia mike an acute angle 
with cieh other (Photos 7 11 Text Figs 3 4) As a rule however the 
adaxial surface of the sporophyll is flit so thit all the synangia lie in one 
plane Text fig 3 has been drawn on an enlarged photograph of the spcci 
men shown in Photo 10 These arc the two uppermost sporophylls of the 
row Here a strip of the abaxial sterile tissue is clearly seen to bear on its 
upper (adaxnl side) the two rows of synangia which mike an acute angle 
with each other Text Fig 4 shows a camera lucida sketch of the uppermost 
sporophyll still further enlarged 

Each synangium is about 7-1 5 mm long and 3 to 5 mm broad 
so that in 1 longitudinal distance of 1 mm two or three of them are traversed 
In specimens 0/71 0/30 and 0/31 (Photos 2 12 and 13 respectively) some 
of the synangia when cirefully examined with the help of i pocket lens from 
all directions seem to be divided into a number of chambers along a faint 
median line somewhat like the synangia on the micro-sporophylls of 
Cycadeoidea Some other specimens however (Photo 11) only reveal the 
presence of a number of small rounded raised areas probably markmg the 
position of the individual sacs of the synangia Attempts to obtam spores 
have however completely failed Portions of synangia were broken oflF 
for maceration Both concentrated nitric and hydrochloric acid were tried 
but the rock did not disintegrate A careful examination of the exposed 
surface of the synangia under the high power of a nucroscope also did not 
reveal the presence of any spores 

Discussion 

Nature of the Parent Plant Reconstruction 

It is difficult to say anything definite about the nature of the parent plant 
and the manner in which these flowers were borne on it Fortunately, 
however a specimen (No 0/73) has been found which enables us to gam 
some idea of the kind of stem on which the flowers were attached This 
specimen shown in Photo 14 shows a branched axis about 10 cm long and 
8 mm broad wrinkled in just the same fashion as the inner surface of the 
perianth and the exposed surface of the receptacle of Ontheanthus polyandra 
sp nov Towards the left side (at/) is preserved a fragment of a flower of 
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the same species, attached to a short stalk and bearing a number of well pre- 
served microsymngia of the chiractenstic type already described The 
angle at which this stalked flower lies with respect to the long axis ju‘t men- 
tioned IS such as to leave no doubt that the stalk was continued downwaids 
and was fixed to the mam axis near the point marked x Higher up on the 
same axis anolhcr branch is seen to ari«c towaids the right This branch h 
again wrinkled in the same m inner ?s the main axis ii d mist .also hive 
borne a flower of O polyandra but of this flower there is no direct evidertc, 
because the, branch is broken offdistally 

In another specimen (No 0/42) shown m Photo 4 which has already 
been described above two flowers are placed nearly pirallcl to c.ich other 
These may have b’cn att lehcd bc'ow to one and tlic simc branch bifurcating 
near the apex each branch ending in a flower 
Affinities 

The flower described here does not resemble even in broad features, 
any genus hitherto known hence it is extremely difficult to cxpl mp il> affinities 
It is an entirely new type of fruetification .ind mo t of its features arc so unique 
as to make Us study very interesting For the same reason its micipretation 
IS a matter of some difficulty with the result that the morpho'ogy of the 
flower IS in some respects still rather obscure 

Although 1 pei nnth is present a reference to angiocpcrms is obviously 
out of the q icstion Knowing that these flowers come from beds of 
Jurassic age the only groups which can come into consideration arc the 
gymnospennous phyla Comfcralc Cycadales and Benncttitalcs A com- 
parison with the Coniferales and Cycadales is ruled out btcuisc of the pre- 
sence of a definite cup-shaped perianth and the structure of the sporophylls 
With the Benncttitalcs however, these flowers do show at least some broad 
features in common which suggest that it is a male fructification of some 
unusual type either belonging to or related to this diversified phylum which 
IS so strongly represented in the Rajmahal flora Let us consider these 
points in some detail 

Firstly, the general organisation of Ontheanthus polyandra is just like 
that of a Bennettithlean flower There are numerous sporophylls attached 
to a thick receptacle which is enclosed by a perianth 

Secondly, the structure of the sporophylls is strongly suggestive of a 
Bennettitalean affinity, the presence of synangia divided into chambers ns 
in Cycadeoidea, and their bisenate arrangement, being important points 
specially worthy of consideration. 
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As wc shall sec however, there arc also equally important points of 
difference 

As regards (he feature m which Ontheanthus differs from the Bcnnetti- 
tales there are three (i) The mode of attachment of the microsporophyll'", 
which instead of being placed in a smgle whorl arc disposed spirally in a 
dinscly crowded m inner on a thick elongated receptacle (ii) The absence 
of a bds il cup-hke portion of the androecium such as wc find in Willtam- 
sonia Cycadeoidea and other Bennettitalcs (iii) The prtsence of a cup-hke 
perianth 

The nature of (he associitcd vegetative remains eg of leives, also 
sometimes help in indicating (he affinities of a new type of flower, but one 
must not attach too much importance to mere associations The only 
leaves found in close association with these flowcis ar* those of the Ptilo- 
phyUum acutifolnm type We know that the leaves known as Ptilophyllum cf 
cutchense weie almost certainly the foliage of WiUiamsonia Sewardmna but 
the nature of the fructifications borne by (he parent plants of the other 
India! Ptilophyllum^ are still unknow i It is not impossible that one of 
the component foiins of the aggregate “species” P acutifohum may have 
been the foliage of the plant which bore the flowers her. described as Onthean- 
thus polyandra It is true that the branched vcgelaive axis (Photo 14) 
which bore the flower of Ontheanthus is wiinkkd throughout and shox-s 
no trace of i rhomboid leaf scar such as a Ptilophyllum might be expected 
to leave on a stem But it is not inconceivable that the flowering shoots of 
Ontheanthus bore only small scale-like leaves while the mature vegetative 
stem carried foliage leaves of the Ptilophyllum type At the same tunc it 
must bw confessed that all this is mere speculation the foliage of Onthean- 
thus IS still unknown 

No evidence of the female paits of Ontheanthus has been yet found, 
although of the male flowers as many as fifteen specimens have been found 
It IS not likely that any ovulate organs were attached to the receptacle of the 
species here described as O polyandra. because the receptacle bearing the 
microsporophylL is quite thick and fills the entire hollow of the perianth, 
leaving no room for the attachment of female organs But some Bennetti- 
tales were certainly unisexual and others hermaphrodite It is. therefore, 
quite probable that in this new form we have an umsexual type of flower 
and that the female flower of this type is still to be discovered A further 
search at Onthea may reveal its presence there 

Considering all these facts, we evidently have m Ontheanthus an 
entirely new and a distinct genus of very great interest which, while showing 
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Bennettitalcan £^ffimtles at the same time exhibits peculiar features of its 
own In the form md arrangement of sporophylls and in th^. structure of 
synangid this new genus may be compared to the geiu Cycadeoidea m some 
of its brosd features But in the densely crowded spin! mode of attach 
ment of the sporophylls which moreover are placed ill over the extensive 
surface of a thick and elongated receptacle it is so fir i w k ow i unique 
type among the B nnettitales The cup hke pcriintl is also a unique 
feature 

The fossils described here have been given the new mme Ontheanthus 
polyandra gen et sp nov This mme has been chosen in order to denote a 
mile flower from Oithea containing numerous miero piirophylls This 
locality was known to Oldliam is early as in 1863 (see Oldhani and Morns 
1863 Preface p xv) ind to Feislmantd in 1877 (Feistmantel 1877 p 6) 
but It IS only in recent years that extensive search at this loeahty has begun 
to reveal a number of interesting new types of plants Amoig these 
Beaniopsis (Ganju 1946 a) Ontheanthus and Ontheostrobus (Gonju 1946 b) 
are three of the most important forms (Gan^a 1944 pp 76 77) 

Summary 

The new type of male fructification dc enbed in this piper ui dcr the 
name Ontheanthus polyandra u fairly common at Oithea The flower 
consists of a short pedu icle and a deeply funnel si aped pernnih The 
receptacle is about 2cm thick and must have been at 1 ast 3 5cm long 
The ex enor of the ree ptacle and the imier surf lee of the perianth are 
wiinkled The sporophylls are num rous a d crowd d throughout the 
length of the r,,ceptaclc Each sporophyll con ists of a herl tenle broad y 
rounded basal portion which passe- dislally i ito a long ind a i arrow cale 
tapering very gradually and projecting beyord the perianth Th c miero- 
sporophylls bear on their adaxiil surface two do e y s t lows of n irrowjy 
oblong synangia arranged transversely one row on cither sid of i median 
line The synangia he quite flat usually making an angle of 90° with this 
line but some sporophylls have become folded longitudinally m a peculiar 
manner with the result that the two lows of synirgia mike an acute angle 
with each other 

It IS rather diflicult to say anything definite regarding the i ature of the 
parent plant and the manner in which these flowers were borne on it It is 
equally difficult to be certain about the real affinities of such an unusual type 
of fructification All that can be said at present after takuig into consi- 
deration the broad features only, is that our flower is a male fructification 
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probably of one of the B'*nnethtales In this group the onjy plausible com- 
parison m respect to the form and the arrangemtnt of sporophylls is with 
the genus Cycadeotdea 

This find of an interesting new type of fructification is a notable addition 
to other interesting forms already known from the Jurassic beds of the Raj 
mihal Hills The Bennetlitales were at the height of their development 
during the Juiassie period and Ontheanthus polyandra comes from beds 
definitely known to be of Jurassie age 
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Explanation of Plates 


All photographs are untouched They are of natural size except where the magnification 
IS given 


The figured speumens are preserved in the Department of Botany and Geology Lucknow 
University 


PlATB DC 


Ontheanthus polyandra geo et sp nov (Photos 1-4) 


Photo I A longitudinally fractured flower The outer cont nuous cup like envelope (c) is 
the perianth On the right hand side the attachment of bisal portions of seven 
or eight aporophylla is visible The same kind of structurv less clearly preserved 
IS seen in the left hand side of the photograph 0/71 
Photo 2 Portion of a flower fractured tangentially The penanth (p) is only preserved on 
one side A number of microsporophylls par illel to one another can be clearly 
seen This flower lies near the one shown n Photo I 0/71 x Ca li 


Photo 3 The sporophylls in this flower are relatively narrower md longer 0/33 X 1) 

Photo 4 Two flowers lying almost paralM with each other A portion of the peduncle is 

especially well seen m the right hand flower The longitudinal wrinkles on the 
surface of the receptacle are clearly visible 0/42 


Putra X 

Ontheanthus polyandra gen et sp nov (Photos 5 7) 

Photo S A number of closely packed microsporophylls viewed from their adaxial surface 
and lying on the inner side of a portion of the peninth The basal parts of the 
sporophylls are seen to overlap one another 0/30 

Photos 6 7 The same specimen enlarged to show the structure of microsporophylls The 
sterile marginal strips are clearly seen as thickened ridges extending along the 
two sides of the sporophyll Some sporophylls have become folded longitudi 
nally along the middle line so that the two rows of synangia make on acute 
angle with each other Photo 6 x 2 Photo 7 X Ca 3 

PLATB XI 

Ontheanthus polyandra gen et sp nov (Photos 8 II) 

Photo S Specimen shown in Photo 5 enlarged to show the broidly rounded short sterile 
h a f ifl l portion of the sporophyll The nucrosynangia are contained in narrowly 
oblong sac like organs arranged transversely in two dense re ws one row on 
either side of a median Ime x 4 

Photo 9 The basal portions of four or five sporcvbylls lying on the inner surface of the 
penanth 0/4S x li 

Photo 10 Lateral view of a row of about seven microsporophylls attached to the reoept 
acle (r) viewed fhim their abaxial sides 0/72 x Co 2 
The same specimen enlarged to show the three uppermost microsporophylls 
The synangia have been brought into view by the removal of the abaxial 
sterile tissue except for one narrow stnp marked s The sporophylls have 
hjfrrvmr , folded lODgitudmally along the middle line so that the two rows of 
synangia make an acute angle with each other x 4 


Photo 11 
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PukTB xn 

OntheoHthua polymdra gen et ap nov (Photos 12 14) 

Photo 12 I%rt of tho specimen shown in Photo 5 enlarged On some microsporophylls 
the Ducrosynangia lie quite flat usually makint, an angle of 90° with the 
median line x Co S 

Photo 13 Two sporophylls lying side by side Some of the microsynangia show rather 
clearly the presence of a faint mediin line 0/31 x 4] 

Photo 14 A branched axis which boro the flowers At / is preserved a flragment of a 
flower attached to a short stalk which was fixed to tho axis near x Another 
branch is seen to arise at r 0/73 9/10 Nat size 
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Introduction 


The interesting material which forms the subject matter of this paper was 
found at Onthea on 28th J inuary 1942 when also the forms described earlier 
(Ganju 7944 pp 76 77 7946 7946 a 7946 b) were collected Onthea has 
now turned out to be a very interesting ind uscfn' place for the study of 
fossil plants The forms described in all these four papers were found 
in a si igle day’s field work One can eisily imagine the wealth of miternl 
that the fossiliferous outcrop at Onthea (Ganju 7946 Text Fig 7) may be 
expected to yield on a detailed study 

Some of the forms here described were seen on the exposed weathered 
surface of the specimens while some were discovered only on breaking the 
familiar kind of hard grey siliceous rocks so commonly found at Onthea 
Dr R V Sitholey found a few specunens while brcakmg the big slab a 
detailed reference to which has been given in an mtroduction to the first 
paper (7946) I am very thankful to Dr Sitholey for kindly giving me these 
specimens for description 
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TTie work has been carried out. as usual under the guidance of Pro- 
fessor Birbal Sahni, F R s , to whom 1 owe sincere thanks for helping me to 
plod through many of the difficulties that so often confront one in a new field 
of research I have to thank Mr R N Lakhanpal for correcting the 
proofs of this paper 

An extremely interesting new type of seed-bearing gymnosperm fruc- 
tification IS described in this paper It is not possible yet to say anything 
definite about the real affinities of this form but at first sight a distant com- 
parison with the Bcnnettitales is suggested The absence of interscminal 
scales, however remains an obstacle in including this genus within that 
phylum For the present, therefore the systematic position of this type of 
fructification must remain unsettled 

Description 
Ontheostrobus gen nov 
Generic diagnosis 

Megastrobilivs conmting of an axis bearing numerous crowded sessile 
seeds on all sides Seed orthotropous seated in a shallow vaucer shaped cupule 
sessile on the axis with a central point marking thi vascular supply Chalazal 
end of detached seed shows a large elliptical scar of attachment, micropylar 
end not preserved 

This genus too is very well represented at Onthea and is based upon a 
number of well preserved though incomplete specimens The “ flower ” 
consists of a much elongated axis which functions as a female receptacle 
bearing numerous crowded orthotropous seeds all round it There are no 
mcgasporophylls in the ordinary sense but the seeds are borne directly 
or almost directly upon the receptacle, with only a small intervening basal 
cup-like structure which itself is sessile on the axis With the meagre data 
at hand it is impossible to say anything about the real affinities of the plant 
At first sight a distant comparison with the Benncttitales may suggest itself, 
but there is no indication of any interseminal scales, nor has a perianth yet 
been discovered For the present the systematic position of this extraordi- 
nary type of fructification must remam an open question 
Ontheostrobus sessilis sp nov 
(PI Xm. Photos 1-5; PI XIV. Photos 6-9) 

(Specimens 0/76-0/79 0/81-0/90, 0/102, Also the big slab from Onthea) 
Specific diagnosis 

A much elongated receptacle bearmg numerous sessile closely crowded 
seeds {broadest diam about 6 mm ) all round through its length Receptacle 
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about 3 5 cm long (actual base and apex not presen ed) about 1 6 cm x 1 cm 
in diamcUr at the base (1 flattened by pressurt) above n/iitft it rtyjidh narrows 
down to about 7 mm x 4 mm diam and then tapers very gradually from below 
upwards to about 3 mm diam at the top The seed is placed in a shallow 
cupule which itself is seated cn a ettshnn the cushion in turn is sessile on the 
axis When the seeds have fallen (ff a number of elliptical areas are left on 
the reeepta le these are the expose I surfaees )f the cushions which are them 
seises slightly hollowed e ut and she m in the centre a small pit marking the saseu 
lar supply of the seed The micropylar end of the seeds is never preserved 
The detached seeds have a large elliptical scar (about 2 nun x 3 mm ) at the 
chala al end evidentl] showing the area of attachmen with the cupuU 

Locality Onthea in the Rajm'ihal Hills Collection Snhni and parly 
(28th J inuiry 1942) Horizon Rajmahal Series (Upper Gondwana) 

The receptacle mode of attachment of seeds 

Oil of about ten more or less complete specimens collected at Oithca 
five show Well preserved receptacles with some of the seeds still attached 
round them (Photos 3 6 8 9) while the remiimng specimens only show 
groups of seeds detached from the axis but still packed into tlostly crowded 
groups ind exposed by their chalazal ends (Photos 5 7) 

Specimens No 0/77 (Photos 1-3) when split revealed the presence of 
a large number of seeds attached to the long tapering receptacle The 
piece which came off first is shown in Photo 1 and the receptacle is shown in 
Photo 3 A similar number of seeds was expected to be atlaehcd on the 
other side of the receptacle and on c ireful splitting another piece came off 
which IS shown in Photo 2 Thus all the seeds represented in the Photos 
1 2 were attached round the receptacle shown in Photo 3 

It is very diflicult to form an idea of the entire length of the icceptacle 
because the actual base and apex are not preserved but the portion exposed 
measures about 3 5 cm long At the base it is I 6 cm x 1 cm In passu g 
from below upwards at first it rapidly narrows to about 7 mm x 4 mm 
and then t ipcrs very gradually towards the apex (Photo 3) This is the most 
complete specimen and it is regarded as the holotype Here the size of the 
seeds and of the scars (measuring about 3 mm x 2 mm at the base and 
about 2 mm x 1 5 mm at the apex) left by them on the receptacle 
decreases towards the narrow end of the receptacle hence the thicker end is 
taken as the proximal part and the thinner end as the distal About 7S 
more or less complete seeds may be counted in this specimen and these were 
attached all round the receptacle in a length of about 3 3 cm Ihus the 
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total number of seeds on the complete receptacle must have been very consi- 
dtrabk 

Axes of a simihr type ii preserved in some other specimens, eg , 0/76 
(Photo 9) 0/78 (Photo 8) 0/79 0/81 (Photo 6) etc but none is so com- 
plete as the one just described 

A few seeds still attached to the receptacle are well seen in specimen 
0/81 shown in Photo 6 On carefully observing this photograph it appears 
as if the seeds were enclosed in a sh illow membranous saucer-like or cup- 
like structure But the preservation is not good enough to show whether 
this membranous structure was a cupule-like organ distinct from the seed 
or whether it only represents the persistent basal part of the integument of 
the seed, the rest of which is not preserved 

Receptacles from which all seeds have fallen off are also present These 
usually bear a number of characteristic circular or elliptical scars left by the 
seeds One of these receptacles appears ip Photo 4 The elliptical scar is 
a raised cushion slightly hollowed out on its exposed surface, m which the 
seed IS seated In the centre of this depression a small pit can be made out 
(marked p in this photograph) These pits probably mark the vascular 
supply of the seeds Photo 5 shows a group of seeds which were once 
attached on this particular receptacle but which came off as a single piece 
while splitting the speamen The seeds arc all exposed by their chalazal 
ends, and show the characteristic elliptical scar of attachment, in the centre 
of which a distinct pit is sometimes seen marking the vascular supply 

Photo 8 shows another specimen consisting of numerous seeds crowded 
together in their original grouping In the upper part of the figure a small 
portion of the receptacle (r). is still left intact The side of the receptacle 
facing the reader shows a number of scars left by the seeds which were broken 
off with the counterpart Where the receptacle is not preserved, the seeds 
are exposed by their chalaz il ends and some of these show clearly an elliptical 
scar, representing the surface of attachment with the receptacle 

The Structure of the Seeds 

We have seen that the seeds arc closely packed and no interseminal 
scales are present The detached seeds too have an elliptical scar at the 
chalazal end (Photo 7) corresponding to the elliptical scar on the receptacle 
and evidently showing the area of attachment This area of attachment 
measures about 2x3 mm , above this the seed gradually widens out to 
about 6 mm diam The shape and size of the entire seeds is difi&cult to tell 
because the micropylar end is never preserved 
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Affinttibs 

With only this much information in hand it is impossible to say any- 
thing definite regarding the affinities of this form These features are not 
presented by any known gymnosperm fructifications With the Cycadales 
no comparison is possible because the organ which bears the seeds cannot 
by any stretch of imigination bt regarded as a sporophyH It is evidently 
homologous with a floral axis With the mention of a flor il axis ll c 
Binncttitales come to mmd but here agiin there are difliculties because 
there is no trace anywhere of intersemin il scales If subsequently a perianth 
is discovered at the base of the axis (which in our imtcnal is incomplete) 
a comparison with the Bennctlitalcs may come within the r.inge of po‘si- 
bility, but even then the absence of intcrscminal scales will remain an 
obstacle to our including thu genus within the Bcnncltitnlcs unless we arc 
prepared to extend the present definition of thit phylum There is only 
one consideration which may still bring this genus within the fo'd of the 
BvnnetUtales and that is the pcrhips rather remote possibility that in the 
younger stage of development interscmiml sc lies of a delicate character 
were present, but that with the growth of the seeds they became crushed 
out of recognition This igiin suggests that Onthea is a locality deserving 
of a closer attention by palaobotanisls thin it has so far received It is 
possible that with further search younger stages and more complete speci- 
mens of Ontheostrobus may be discovered 

From the above consideration alone the extraordinary interest of this 
genus IS self-evident 

It is possible that further research especially when more material is 
collected may prove some sort of relationship between Ontheostrobus sessilis 
and Rajmahaha paradoxa Sahni and Rao, which is regarded by its authors 
(1935, p 712) ‘ as an inverted funncl-like disc (possibly part of a deciduous 
androecium) fallen from the top of a Benneltitalean receptacle and bearing 
on its inner surface the impress of seeds and interseimnal scales once pressed 
against it, but now no longer preserved ’ 

In view of the sessile nature of the seeds the fossils described here are 
given the specific name Ontheostrobus sessilis sp nov This is the only 
species of this genus, of which ten specimens are available 

SUMMAKY 

The forms described under the nr me Ontheostrobus sessilis come, as the 
name indicates, from Onthea Most of the specimens show well preserved 
elongated receptacles bearing throughout their length numerous crowded 
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seeds The seeds are sessile and placed in shallow cupules which in turn 
ire seated on cushions the cushions being sessile on the receptacle The 
receptacles from which the seeds have fallen off show the exposed surfaces 
of the cushions slightly hollowed out A omill pit in the centre of this hollow 
marks the position of the viscuKr supply of the seeds Tlie detached seeds 
usually found crowded together in their onginil groupings show m ellipticil 
car It their chalazil end this mirks the irci of attichment of the seeds 
\sith the reccplaclc It is i noteworthy feilure ihit not i single seed shows 
Its micropyhr end 

With the picscnt dati in hind it is not possible to express any definite 
views regarding the system itic position of t us peeuliir and interesting 
fructificition A distant comparison with the Bcnnettil iles is however 
suggested 
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Ontheottrobus sessilis etn. et sp. nov 

Explanation of Plates 

AO photographs are untouched They are of natural size except where the inagniflcation 

IB given The figured tpeamens are preserved in the Department of Botany and Geology 

University of Lucknow 

PlATB XIU 

Omheostrobus sessilu gen et sp nov (Photos 1 S) 

Photos 1 2 Groups of seeds exposed by their chalazal ends Those seeds were attached all 
round the receptacle shown in Photo 3 0/77 

Photo 3 The receptade showing a number of elliptical scars which were left by the seeds 
shown m Photos 1 2 0/77 

Photo 4 PorboD of recepucle showing a number of elliptical scars Some of the scats 
show distinctly a small pit (marked p) in the centre probably markmg the 
vascular supply of the seeds 0/79 

Photo 5 Counteiport of Photo 4 showing some of the seeds which were attached to the 
receptacle shown m Photo 4 One or two seeds show the presence of a distmet 
pit in the centre 0/79 

PlATE XIV 

Oniheoilrobui seuiha gen et sp nov (Photos 6 9) 

Photo 6 Portion of receptacle showing a number of seeds still attached to it It appears 
as if the seeds were enclosed m a shallow membranous cup like structure 
0/81 X Ca. 

Photo 7 A group of seeds exposed by their chalazal ends sbowmg clearly the elliptical 
scar of attachment 0/78 X 2 

Photo 8. Numerous seeds crowded together in their original grouping In the upper part 
of this photograph a small poruon of the receptacle (r) is still left intact and 
shows a number of scars left by the seeds 0/78 

Photo 9 ForUon of receptacle with the attached seeds 0/76 x 


Ca 2i 



SYMPOSIUM ON STATISTICAL METHODS IN 
PLANT AND ANIMAL BREEDING 

A s^MPOSILM on the application of statistical methods to plant and animal 
breeding was held on 26th and 27lh December 1946 undei the joint aiispiees 
of the Indian and National Academics of Sciences during their annual 
session at Allahabad The proceedings of the Symposium were initiated 
by Sii C V Raman on the openine day of the session by introducing to the 
audience the speakers who had assembled for taking part in the discussion 
Dr P V Sukhatme was in the chair During the icmaining sittings 
Mr K Ramiah took the chair 

Dr V G Panse (Indore), opening the discussion, said that plant breed- 
ing formed one of the principal items of agricultural improvement every- 
where As an instance of the results achieved, he cited the sugarcane 
breeding at Coimbatore, pomting out that almost all sugtreane grown m 
India to day belonged to one or the other of the large number of Coimbatore 
varieties that had been produced Improved varieties in certain other crops 
like nee, wheat and cotton had also spread over considerable areas While 
ordinary crops were susceptible to damage from pests and diseases, improved 
varieties showing a high degree of resistance to diseases like wilt in cotton 
or rust in wheat had been bred and their cultivation saved millions of rupees 
worth of crop from loss Again, as in cotton, improved varieties had better 
commercial quality than types previously grown The important point 
about plant breeding was that the improvement in crop was brought about 
without any extra labour or expenditure on the part of the cultivator who 
had merely to grow the seed recommended to him in place of ordinary bazaar 
seed At the present luncture when they were anxious to grow more food 
in the country, cultivation of improved varieties would go a long way in 
making good the deficiency 

Until not long ago, plant breeding was considered to be an art It 
was not necessary now to go into the merits of this view because this view 
had gradually altered and plant breeding was to-day recognised as much a 
science as, for example, agronomy or engineering was This transformation 
had been brought about largely as a result of the application of statistical 
technique in plant breeding Text-books on plant breeding acknowledged 
this role of statistics by providing extensive appendices on statistical methods, 
but the speaker wished to emphasise that the part that statistics should play 
126 
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m the day to day work of the breeder was more fundamental and more essen- 
tial than was ordinarily imagined The brccdci should find use for statisties, 
not only after he had accomplished the main task of evolving an improved 
strain, as was often supposed but right through the whole process of breed- 
ing in order to direct his work along most efiective lines The speiker wished 
to present a brief review of the contribution thn statistics would make to 
secure more rapid crop improvement 

The various problems in plant breeding ould be divided into three 
groups The first concerned the ehoiee of material from which to breed 
It was obvious that if improvement was to be cftcctcd in i crop there had 
to be scope for improvement ' In statistical language impiovement by 
breeding rested on the foundation ol vai lability Variabiliiv was of two 
kinds, genetic and environmental In a field the individual plants differed 
in their performance with respect to any eh trader in which the breeder might 
be interested partly on account of diflei cnees in their genetic constitution 
and paitly due to differences in the conditions of Ihtir growth or environ- 
ment The variabdity observed in a eiop whethci in i commercial field 
or of hybrid ongin, was thus a combination of both kinds The environ- 
mental component of variability was, however, of no use to the breeder or 
rather hindered his woik If plants were selected foi their superior perform- 
ance, but if this superiority was mostly due to their better environment the 
performance of their progeny would not differ ippreciably from that of 
the unselected plants Only plants with supcrioi genes in them gave 
progenies with high mean values In terms of variabilit>, it was the genetic 
fraction of observed variability that determined the capacity of a plant 
population to respond to selection The breeder’s choice of material for 
selection consequently depended on the amount of genetic v inability it 
contained It was however, not possible to mcasuie genetic variability 
directly, because in any observational data, the genetic and environmental 
constituents were bound togethei indissolubly Statistical methods had 
been developed for estimating the relative proportion of genetic variability 
in plant material (Panse, V G, 1940, tow no! of Genelic\ 40 , 281) 
Taking as an example, the improvement of wheat in U P by selection, the 
breeder might collect bulk samples of seed from several distinct tracts in 
the province and grow these m a repficated vanetal trial Their comparison 
under a common environment would bring out samples with high mean values 
which would indicate their genetic superiority Furthei, if the character 
under selection was measured in a large number of randomly selected plants 
in each sample in the trial, a measure of gross variability present in the 
chaiacter would be obtained Out of the plants observed, progenies could 
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be grown from as large a number of randomly taken plants as could be 
managed, in a replicated progeny row test Then the regression of the 
progeny means on the values of parent plants gave an estimate of the genetic 
fraction of variability observed in the parent population Such a study 
thus provided two criteria which could guide the initial choice of material 
These were mean vilucs and genetic vanibility Higher mean values 
assured a better mean performance in subsequent generations and grealei 
genetic variability provided a larger scope tor securing improvement over 
initial values Where high mean value and large genetic variability went 
together the material was obviously the most suitable for selection In 
samples where one of the ciiteria ditfeicd while the othci remained substan- 
tially the same, that is, whcie variability differed but the means did not or 
v/£c \ersa, samples could be chosen on the basis of the variable entenon 
But the problem presented a difficulty when both means and variability 
dilTered in opposite directions A sample might have a low mean value 
but a high genetic variability or might have a high mean value coupled with 
low genetic vai lability The question ot prdcrcnce between these two kinds 
of samples could not be decided on purely theoretical considerations It 
was conceivable that even with a low mean value the variability might be 
so large that it could bring about by a suilabL degree of selection improve- 
ment which would outstrip the improvement that could be attained by a 
similar degree ol selection in a sample with a high mean value but low 
variability Ihe mattci had to be examined experimentally The speaker 
was studying at Indore the genetic variability in cotton samples collected 
from difleient parts of Central India and illustrated the point with results 
obtained in this study Samples from 8 localities had been grown in a 
repheattd vaiietal trial at Indore and about 150 randomly selected plants 
from all replications were examined tor vai ous characters, such as yield, 
carliness and quality in each variety Replicated progenies from 30 random 
plants pier variety were grown next season and the mean values of the pro- 
genies were correlated with parental values for estimating genetic vanabihty 
Results for hbre length which was the principal ciiterion for spinning quality 
in cotton, lor three samples were given below 


1 Mean fibre length m m in 

1 vanetal tnal 

S D Laical ated from genetic 
compoDent of vanabillty 

1 

1 >0 

1 

1 19 

1 2S 6 

1 81 


Sample 
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As far as samples A and B were concerned, sample A would be obviously 
the one to be preferred the means of the two samples were very much the 
same but there was greater genetic variability in sample A than in B The 
comparison of the third sample with these two presented i difficulty, because 
sample C had a definitely low mean value but a much higher genetic varia- 
bibty Starting with the means of the samples and assuming a normal 
distribution with the standard deviation given above it was easy to predict 
the improvement that would result from the selection of a certain propor- 
tion of the best plants, by calculating the average for the corresponding 
portion of the tail of the distribution For one per cent selection, the 
calculated values were, 

A 28 5 

B 27 5 

C 28 4 

It was interesting to note that improvement in C in spite of its much higher 
variability, just reached the level ol improvement brought about in A which 
had the advantage of a higher mean value This led to the conclusion that 
between mean and variability, the mean was the more important criterion 
in the choice of material He had obtained similar results in other cotton 
material consisting of a larger number of crosses in the aihoieim species 
and It appeared from all these results that in material usually handled by 
the breeder, genetic variability would be rarely so high as to more than 
compensate for the initially low mean value ind hence material with higher 
mean value was to be preferied when the choice had to be mide both on 
mean value and variability These views were however based on the speaker’s 
experience with cotton and a different situation might exist in some other 
crops It was of utmost importance that breeders and statisticians should 
co-operate in examining other plant material in a similar manner in oider 
to build up a body of information which would provide guiding principles 
in the choice of suitable breeding material 

If the conclusion that the choice should primarily rest on mean value 
was general in its scope, it led to some important and interestma conse- 
quences in relation to the stage at which selection should be commenced in 
hybrid material Breeders started selection in such material only in the 
segregating generations such as F, or F, or frequently even later If selec- 
tion were to be based both on variability and mean it would be necessary 
to grow the FgS of the crosses which were to be compared but it mean 
values alone were to be taken into account the comparison could be made 
at the F| stage and only such of the crosses which had the highest mean 
values could be retamed for fuither selection withii them Breeders would 
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easily appreciate what immense savin; of lime, labour and expense this would 
mean, and these could be diverted to a moie intensive examination in the 
subsequent generations of the few crosses chosen in the h', Immer had made 
a study of certain barley crosses through four generations and had reported 
that i] compaiisons remained substantially unaltered in the subsequent 
generations (Immer, F R , 1941, Jour Amer. Soc. Agro., 33, 200). A ques- 
tion might be asked whether it was not possible to go a stage further back 
and compare the parent strains themselves for making crosses in which 
selection was to be made The performance of Fj could not be predicted 
accurately fiom the values of the parents concerned, because it could be 
shown theoretically that even parents with indi\idually low values could 
produce hybnds excelling those from parents with superior values. In actual 
hybrid material extending over some 60 crosses in cotton {arboreum species), 
the speaker had found a correlation of 0 86 between F, and means but 
the correlation between mean and the average of the two parents was 
0 75. Comparison of crosses by means of the Fi theicforc .ippeared to be a 
sounder procedure. As tai as mean values were concerned selection in 
was as good as in on account of the strong correlation between the two 
^ The sc.,ond group of the plant breeders’ problems concerned the actual 
process of selection In the early days breeders depended on what was 
termed ‘ mass selection ’ The method was to collect the produce of suitable 
plants 111 the field, bulk the produce, raise the next year’s crop from this 
produce, icscicct suitable plants in this crop and grow them in bulk again. 
The piocess was repeated until a bulk with belter peiformancc than ordinary 
seed was obtained The method of mass selection was replaced later by 
‘ progeny-row-breeding ’ which was found superior because mean values 
of progenies grown separately from the seed ol' single plants gave a more 
dependable criteiion of their genetic potentiality than the observed values 
of individual plants This could be demonstrated by a statistical reasoning. 

Supposing that theic was a group of plants belonging to n progenies 
each consisting of k plants, there would be a total of nk plants The 
genetic component of variability in this group of plants might be designated 
as g and the environmental component by e If the /; progenies were grown 
separately and assuming no genetic variability within a progeny the analysis 
of variance of the results could be set down as 

Dur to j Degrei-s oi fieidom j Vaii^nce 

Pregeaiei ..j «— I [ ig ^ * 

I'UnlB within pioReiiie!, ,.| « (jt-1) j 
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The variance between piogeny means would be ? elk while that 
between individual plant values within progenies would be e If the material 
were grown as a bulk of nh plants, not keeping the progenies distinct, the 

total variance would be I e The coefficient of ij was a fraction 

less than 1, except that this coefficient would be equal to 1 when k was equal 
to 1 Comparing the variances tor progeny means and for the bulk it was 
clear that m progeiiv row orceding the genetic component formed the 
dominant fraction of variability whereas in mass selection the environmental 
component would be the laiger fraction, except where (he bulk was consti- 
tuted by taking a single plant per progeny in which case the two fractions 
would be equal In cipher case mass selection would be less effective than 
progeny row breeding being subject to a greater influence of enviionment 

It should be noted however, that even progeny mc.ins were affected 
by a fraction of environmental variability, ifk in the ibove analysis and 
numerical differences between progeny means could not be used as a 
sufficiently reliable guide to genetic differences A critical decision on this 
point could be made only by growing progenies in replication and using 
the standard error foi comparison of observed diflerencis in progeny means 
It was in the matter of makinc replicated tests ol progenies that considerable 
improvement was needed in the present-day methods Various expenmcntal 
designs particularly adapted to plant breeding material had been developed 
for this purpose and it was encouraging to find a growing realization of the 
value and utility of these designs on the part ol plant biceders It was not 
necessary to enter into details concerning these designs here 

Though selection was now primarily b ised on progeny means, the desir- 
able progenies had to be propagated *Vom selected plants This was the 
weakest point in the selection procedure because single plant values which were 
susceptible to a large degree of environmental vaiiation had to be employed 
to represent the genetic constitution ot supeiior piogenies With progenies 
grown in replication, single plants could be selected with greater confidence 
if the selection was based not on the observed value of a p'ant but on the 
deviation of this value Irom the mean of the plot This would avoid undue 
weightage being given in selecting plants to those replicates which had 
given a higher performance owing to their more favourable location 
Another approach to this problem was made possible by the discriminant 
function technique In selecting plants for yield, for instance, the usual 
method was to select those plants that gave a higher yield A second alter- 
native was, to consider the components of yield and select with the help of 
a weighted linear function of these components the weights depending op 
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the relative susceptibility of the individual components to environmental 
fluctuation and their mutual correlation The yield of a vvheat plant, for 
example, was the product of the number of cars, number of grains per ear 
and weight per grain The yield of a cotton plant was similarly made up 
of the number of bolls per plant number of seeds per boll and the weight of 
seed cotton pei seed The environmental and genetic variabilities of these 
components could be estimated by growing a number of varieties or lines 
in a replicated experiment and measuring the component characters in each 
plot With these dita the discriminant function technique enabled the 
evaluation of a formula in terms of the observed values of the component 
characters ippropriatcly weighted and giving a numerical score most highly 
CO related with the genetic capacity of a variety or line It was difficult to 
state m the absence of more experimental studies how much practical use 
the method had in helping single plant selection The speaker s own con- 
clusion from investigation on cotton and wheat at Indore was that when 
only components of the characters to be selected for were taken into account, 
the discriminant function did not appear much superior to straightforward 
selection on the character itself, but the discriminant function had the 
advantage in permitting selection to be based on characteristics which, 
though not components of the characler to be selected might be highly 
correlated with the latter An example was provided by tillering in wheat 
which though not a direct component of yield was highly correlated with it 
and could be included in the discriminant formula thereby making selection 
for yield more efficient 

The third group of problems that the breeder had to tackle related to 
'^the maintenance of superior strains once these had been evolved It was 
a common experience that such strains tended to deteriorate or run out in 
the course of time Various causes were responsible for detenoration 
One of them was mechanical admixture with inferior seed In cotton, the 
seed was obtained from ginneries which were the pnncipal source of mixture 
between varieties Mixture might take place in the fleld also Then there 
was cross-pollmation with other vaneties A third factor responsible for 
deterioration was the residual genetic variability left in the strain Although 
genetic variability was rapidly lost with the progress of selection a residue 
might persist when the strain was given out for commercial cultivation and 
this might lead to segregation of inferior genotypes and their spread in the 
strain The breeder was aware of the necessity of maintaining the stnetest 
possible purity in the nucleus seed, but he generally concentrated on 
morphological purity and in fact did not employ any means for testmg the 
degree of purity in characters such as yield or quality for which the stram 
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Was bred The usual method of collecting selfed seed from typical looking 
plants for further propagation did not permit such a test being made The 
proper method for this purpose was to maintain the strain by growing a 
replicated progeny row trial each season Tn such a trial the possible 
beginning of deterioration could be detected at an early stage and suspected 
progenies could be discarded before bulking the rest for providing the nucleus 
seed Elimination of inferior progenies would be made easier by making 
the test of significance less rigorous than the usual S per cent probability 
level and it was to meet this need that tables of ‘ 2 ’ and the variance ratio 
for 10 per cent level had been prepared (Pansc, V G , and Ayachit, G R , 
1944, Ind Jour Aqnc Set, 14, 244) 

The speaker concluded his remarks with a reference to the need for a 
study of quantitative genetics The earlier expectation that genetics would 
revolutionize plant breeding had not been borne out mainly because gene- 
tical investigation had been restricted to the formal mcndclian characters 
while the study of quantitative characters which were the ones with which 
the breeder was really concerned had lagged far behind This study could 
be pursued with the help of statistical methods coupled with adequate 
experimental matenal and provided a very rich field for 10 operative work 
by Statisticians, Geneticists and breeders The contribution that genetics 
had to offer to plant breeding depended on the advance in our knowledge 
of the behaviour of quantitative characters 

Dr P V Sukhatme (Delhi), who led the discussion on the animal 
breeding side, said that a clear exposition of the role of statistical methods 
in plant breeding had been given by Dr Panse As the subject of sympo- 
sium also included the r61c of statistics in animal breeding, he proposed 
to confine his remarks to the latter 

At the outset Dr Sukhatme said that althoueh an enormous change 
had been brought about in the plant-breeding methods as a result of the 
work of Dr Pansc and his colleagues at Indore, in animal breeding, they 
were a long way off from that ideal The methods of animal breeding when 
contrasted with those of plant breeding were remarkably speculative and 
continued to be so in spite of the great progress in statistical science This 
Dr Sukhatme attributed to several factors He said that whereas plants 
could be reproduced and multiplied many-fold every year, it took two to 
three years and even more to reproduce another generation of animals and 
five to SIX years for a group of animals to double their number Then again 
whereas m agricultural crops the improvement could be effected by a few 
speciahsts from whom improved seeds could be bought and multiplied, the 
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improvement in animals rested with a large number of animal owners 
Success m plant breeding had been attained by substituting the system of 
selection in which the value of an individual plant was ludged by the average 
of Its progeny for a system in which it was judged according to its individual 
performance This, however was not easy to accomplish m animal breed- 
ing Then again an animal was relatively fai more costly to experiment 
with than a sinalc plant Por these reasons, he said the methods in animal 
breeding stood relatively still in contrast to tho>>e adopted in plant breeding 
Despite tliLse inherent limitations. Dr Sukhatmc said that statistical 
methods could play a valuable role in helping animal breeders to attain 
their aims He said that he would illustrate this by describing a breeding 
project on goats financed by the Imperial Council of Agncultural Research 
The scheme was stuted with a foundation stock of 47 docs and 4 bucks 
with the object of improving the avciage milk yield per day of lactation and 
of the kidding interval It had been in progress for 10 years, when, he said, 
he was called upon to assess the progress made He presented Table I 


Tabi l I 

Compaiison belwicn the pei fot mance of the foundation stock and their 
first progeny 
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showing the comparison between the performance of the foundation stock 
and that of its progeny and said that the progeny had given a significantly 
higher milk yield dunng per day of lactation and of kidding interval This 
might not, however, be due wholly to the breeding policy followed on the 
farm It might have resulted, for instance, from the better feeding and 
management nght from the birth of the first progeny in contrast with the 
environment in which the dams were reared Hybrid vigour might also 
partly offer an explanation There might also be seasonal effect ansmg 
from the different climatic and disease conditions in the different years m 
which the dams and their daughters bad tbeir respective lactations, 
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He then presented a second tabic showing sire-wisc comparison of the 
first progeny and their mothers and showed that the performance of the 
first progeny over their dams was significant in the case of sire No 48 M 
alone and not in others But even in the case of sire 48 M, he said, he could 
adduce evidence to show that the better performance of the first progeny 
was, to a very considerable extent, due to better feeding and managem^t 
on the farm, to differences in the years in which the majority of the lacta- 
tions of the foundation stock and the first progeny were completed and to 
the preponderance of winter kiddings in the first progeny. It was, how- 
ever, difficult, to make any exact allowance for these factors The best he 
could do was to compare the relative worths .is tiansmitters of milk yield 
of bucks 48 M and 49 M as this comparison was Free from consideration 
of the order of lactation or seasonal effects. The values of t of this 
comparison given in the last row of Table 11 indicated that while there was 


Tablp II 

Progeny tests foi bucks 48 M, 49 M and 50 M 
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a suggestion that buck No. 48 Vf was probably superior to 49 M, there was 
no adequate evidence to establish his superior worth over the other. 

He next presented the results of the comparison of the second progeny 
with their mothers in the first progeny and those of the third progeny with 
their mothers in the .second progeny and said that, far from showing any 
improvement, the results indicated a steady deterioration in the performance 

Table III 

Companwn between the performance of the second progeny and their dams 
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Table IV 


Comparison between the performance of the third progeny and their dams 
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Table V 

Effect of selection in the foundation stock 
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of both the second and the third progenies He also presented the results 
of progeny tests for individual bucks giving similar conclusions. It was 
clear, he said, that while the first progeny showed better performance, there 
was a steady deterioration m the performance thereafter. 

Dr. Sukhatme next considered the question whether selection from 
amongst the dams would have led to improvement in the successive progenies. 
An examination of this question was made possible because no culling of 
the female progeny was practised as a part of the policy followed on the 
farm. The whole of progeny was kepi and bred up. For this purpose, 
he said, the mothers of the foundation stock were ranked in order of their 
performance and the results of the performance of the progeny of the first 
half were compared with those of the rest as in Table V. The results showed 
that while the performance of the second half of the foundation stock was 
significantly different from that of the first half, their progemes did not show 
a significant difference in the performance He had similarly compared 
the results of the first and the second progeny and had reached identical 
conclusions, vide Table VI. It was clear, he said, that selective breeding 
on the side of the dams was without effect thus suggesting that there was 
no correlation between the performance of the dams and their daughters, 
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Table VI 


Effect of selection m the first progen v 



Coefficients of correlation between the perfonnancis of dams and daughters 


Totsl milk yield Average milk yield per Average milk yield pei 
(o< ) day of lactation {or } day of kidding interval 

(1) fS) loi) 

(li 

Foundation itock and first 0 ITO -0 270 -0 012 

progeny 

First progeny an 1 second 0 171 —0 005 0 064 

progeny l<irst lactation 

First progeny and second -0 102 —0 367 -0 200 

progeny Second lactation 

This, he said, was actually the case, as would be seen from the values of the 
coefficient of the correlation in the accompanying Table VIT These results 
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inditated that the foundation stock had a low genetic var ability He was 
rather puzzled to find that certain cocfhcients were oegat ve but, he said, 
they were not significant It was possible he added, that some of the 
assumptions undci lying the estimation of genetic variability from the 
regression of the progeny means on the paiental values were not realized 
in practice 

He concluded by saying that had the progeny tests been earned out in 
time the results would have revealed a prepotency of the difterent sues ind 
suggested suitable changes in regard to their use As it was he observed 
four to five valuable years were wasted in trying to locate without success 
siiDcnor bucks by basing judgment on conformation instead ol on the icaults 
of the progeny tests Similarly a study of the "cnetic varnbility in the 
successive generations would have revealed the potentiality foi improvement 
of the material and suggested suitable breeding plans Yet another hetor 
contributing to the lack of progress was the use of too lew bucks to slait 
with He was glad that now, at any latc, the animal breeders had icahzed 
the potentiality of statistical tools as an help in attaining ihcir objectives and 
were freely seeking the help of the Statistical Section of the ImpernI Council 
of Agricultural Research in their work 

Mr K Kishcn (Lucknow) said that it was the function of the plint 
breeder to evohe out crop varieties giving high vield, ot supciioi qualilv 
resistant to disease, to lodging For that purpose, thiiTBreedci had to cxperi 
ment with a large number ol plants or strains which he obtained by various 
methods of selections Initially, the number of plants he had to select from 
was large On account of the inadequacy ol the seed maUriil it was not 
possible to lay out randomised replicated trials at this stage In making 
selection for the most promising varieties and the most promising p og - 
nies of a variety, the breedei had to take into consideration i number ol 
quantitative characters tor each plant such as yield of grain per plant ear 
number per plant, average number of grains per ear, and to select plants 
from the pomt of view of the lequisite character or quality of the crop, t g , 
yielding capacity Till the advent of statistical methods m plant breedmg, 
this selection was essentially subjective and was attended with the risk that 
some promising strams or progenies might be rejected and undesirable plants 
or strains might be selected by this process This selection was now best 
done by applying the method of the discriminant function 

Mr Kishcn then gave a brief outhne of the method of the discriminant 
function and pointed out that selection by this method maximised the 
expectation ol the genetic advance 
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Further he observed that after the prelinunary selection by the discnmi- 
nant function the breeder was still left with a considerable number of varieties 
and progenies of those varieties For the selection of the best varieties and 
progenies of those varieties, it was necessary to conduct replicated progeny 
row trials and lay out compact family-block designs In those designs with 
a large number of varieties the sue ol block would become too large and 
require reduction in order that the elimination of feilility dilTerences might 
be done efficiency As a result of recent researches in the design of agri- 
cultural experiments, a large number of designs were available which 
brought about the desired reduction in the si/e of the block in such trials 
Those were known as incomplete block designs, because, unlike the ordinary 
randomised block designs, the number of plots per block was less than the 
number of varieties, in these designs 

Let b be the number of blocks k the number of plots per block v the 
number of varieties, / the number of times a variety was replicated within 
a block and X,, the numbci of blocks in which /Ih and ith varieties occurred 
together Such a general design was known to be analysable if it was a 
connected design 

He then briefly explained the concept of connectedness introduced by 
R C Bose, and cited the following two-dimensional square lalt'ce in two 
equal groups of sets for 9 varieties as an example of an incomplete block 
design which was connected 

Block 112 3 14 7 Block IV 

Block II 4 S 6 2 5 8 Block V 

Block III 7 8 9 3 6 9 Block VI 

He explained how in this case one could pass from any one variety to 
any otiici, say 1 to 9, by a chain of vaneties and blocks like I, I, 3, VI, 9 
so that the design was connected He said that it was interesting to note 
that a two-dimensional square lattice in one group of sets did not give a 
connected design 

If Vi, Vo Vp denoted the true varietal cITects, then S where 

£ t, —0, was termed a varietal contrast It was known from the theory 

of linear estimation that in a connected design every varietal contrast was 
estimable Thus a connected design was analysable He mentioned 
several examples of connected designs and added that the statistical theory 
of design of experiments had now advanced to such an extent that it was 
possible to provide the plant-breeder with an appropriate design which he 
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may require under any cireumstances for laying out a suitable compact 
family block tn il and the parallel bulk trial 

He luithei, observed that the number of varieties and the piogenies 
selected by the above procedure would be small It would then be necessary 
to conduct simple randomized block experiments with those varieties at 
a iiuml>er of stations for about three consecutive seasons before the varieties 
which were most suitable foi distiibution among the cultivators were finally 
decided upon 

Referring to the statistical methods in animal biccding he siid thit 
the technique ot animal breeding was in its initial stages not essentially 
diflcient from that ol plant breeding Selection by the method ot the dis 
crimmant function was advantageous m animal breeding also As an example 
he refened to a recent paper entitled “An application of the discriminant 
function for selection in poultry” by Dr V G Panse {/oiiinal of CinefiLs 
1946, 47, 242) and pointed out that as a result of the use ot the dicrimmant 
function in this case, the pcicentage ot genetic advance over stiaight s..lee- 
tion varied from 10 to 30 percent 

He remarked that animal nutrition experiments al o foimcd a part of 
the science of animal breeding In those experiments the statistical principles 
of replication and randomization were extensively employed In some 
cases, lillcis of animals, such as lats had to be dealt with In such cises 
litters coriesponded to blocks and animals within a litter to plots and the 
appropriate connected ilcsign which in the simplest ease might be a lando 
mi/ed block design, could be laid out foi testing the cfhcacy of nuliitionxl 
treatments 

He concluded by saying that it was sometimes necessan lo test the 
efhcacy on animals of several interacting groups of factois l ^ dietary 
treatments In such cases it was appropriate lo lay out a tactori il design 
But usually the mam difficulty in laying out a factorial arrangement in those 
cases was the inadequacy ol the number of animals available lor experi- 
mentation That difficulty had been largely overcome by the device of 
fractional replication of a factoiial arrangement, introduced by D J Finney, 
and extendexi since bv the speaker himself He illustrated the theory of 
fractional replication by considering the 2* factorial design, where there 
were 16 treatment combinations, but where replication ot hall,/e eight, 
of the combinations could yield valuable intormation regarding main 
effects and the more important interactions Thus, factoiial designs with 
fractional replication, in that they enabled factorial experiments to be con- 
ducted with one-half, one-third, etc. of the total number of treatment 
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cumbindlions were likely lo be very useful for exploratory experiments m 
animal nutrition 

Mr V O Tha\^ am (Delhi) said that he would deal with the discriminant 
function once more although Dr Panse and Mr Kishen had referred to 
it eirlier, since it was a very useful instrument of plant selection He pointed 
out that the equations fiom which Mr Kishen had started were X l.h,\ 
and where and ■>] were the phenotypic and genotypic values, 

and tin t a, s were given and h, s weic chosen in surh a way that correlation 
cocfficieul p, between X and was the greatest This could be looked 
upon tiom a different angle as well The idci of plant selection was that 
the mean genetic value of the selected part should be as much as possible 
111 excess of the mean of the iinselccted population This execss might be 
called the genetic advance If they had a large number of progenies and 
they had to select one </lh part of them for further propagation, thev had 
to m iximisc h (^) ^ where C (<f>) was the expected value of the sclecctd 

pail and (f> was the mean value of the whole unselceted popuhlion It 

could be shown that that was equal to Var <f> p, where - was the 

oidiiiaie marking ofl the onc-<ifth pait of the area of the standardised normal 
curve Ihus maximisation of p was the same thing as maximisation of 
L{4>) - p Thus selection was based on the idea ol the greatest genetic 
advance It was understood that the onc-r/th part of the progenies which 
were siltcled loi lurthcr piopacation eorresponded to the highest phcnitvpic 
values \ 

His second point was that (is were expressed iii terms of a\ ind certain 
variances and covariant is whose esliinalcs were obtained horn the analyses 
of vanance and covariance In that connection he asked them to consider in 
particular the equation v, j?, H f, where the phenotypic value, was made 
up ot two paits n the genotypic value and the component due to environ- 
ment There it was assumed that the two parts were additive, which gave 
Var (X,) Var (v,) I Var ( ,) 
t„ I f, (say) 

if Covar (rj, 0 1 C, the two parts % and f were assumed to bo 

independent 

Then the amilvsis of vanance gave the result 

Source ot variation Mean square 

Between progenies A 

Within pi ogenies .. B 
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Obviously, B was an esumate of J and d, and thcicfore A-B was an 
estimate of e„ since d , e„ \-f„ 11 A B happened to be negative in 

practice, they took e„ - 0 That led to a difficulty and it appeared advisable 
to look into the assumptions of additiveness and independence of genotypic 
and environmental components, on which the derivation of estimates of 
genotypic and phenotypic variances was based He expressed doubt about 
the correctness of those assumptions and suggested that the operation law 
might be analogous to the vector law in place ol ihc simple additive law 
Coming to the next point he iskcd them to consider the equation 
X 276, \ 

If one of the characters, say was unimportant and was dropped, a might 
be put equal to zero In that case the ratios of Ui, a_ changed thus 
changing the values of b's altogether The recalculation of b's involved 
heavy computation and it might be possible to define tunctions of 6 s (say 
linear) which did not change even if any one of the characters was hnally 
dropped This point needed to be looked into mathematically 

Then he came to his last point and said that the discriminant function 
X was taken as a linear function of \, s, viz X ll> He asked il it was 
possible that a non-lmear function, 

X Sb,\, I ilb„\,\, \ 

might give a better result than a linear one, and if in such a case it was possible 
to dehne b ’s in such a way that they rem'iincd unaltered even when only the 
linear terms were taken 

Mr S D Bokil (Indore) considered theoretically the relationship between 
hybnd vigour and F, and F, variances in the light ot a simple Mendelian 
scheme of factors He said that the following assumptions were made 
regarding the inheritance ol quantitative characters, such as stap e length 
m cotton 

(i) Such characters were alTectcd by a large number of independent 
factors each having individually small effect 
(u) The factors had no epistatic relationships 
(ill) They had equal effect on the parUcular character 
The justification for these assumptions was, firstly, that they were 
simphfying, and secondly that the assumption (i) was necessary to explain 
continuous variation of such characters while assumptions (ii) and (iii) gave 
results approximating to those obtained without them (Fisher, R A , 1918, 
Trans Roy Soc Edinb , 52, 399, Panse, V O, 1940, Journal of Genetics, 
Bi 
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40, 281) Under these circumstances the means and variances obeyed the 
additive law, t e , they were the algebraic sums of contributions derived 
from individual factors 

He then proceeded to consider the crossing ot two pure varieties 1 1 
varieties homozygous for all factors concerned Let one variety contribute 
p factors not contributed by the other favouring big size and other variety 
q similar factors Only such factors needed to be considered since (actors 
common to both the parents could not have any cITcct on hvbnd vigour or 
variances ol subsequent generations It was obvious that the generation 
would be hetero/yjous for p 4 ^ n, say, factors 

The three ph iscs of any factor could be denoted by d, h and d If 
there was no dominance h 0 and the three phases would be denoted by 
d, 0 and d The expectation of the mean of the F, generation would 
be 0 in that case On the othci hand, if all (actors were fully dominant 

for big size the sum £ h nd or n il measurements be made in units 
of d, would represent f , value I( ^rd ot the factors were fully dominant 
for big size and 4rd fur small size the sum S h and hence the mean of Fi. 
would be 0 33n 

The F. variance in the corresponding cases could be calculated by 
calculating the contribution of a single factor to F, variance For each 
factor, 1th of the progenies \scic homozygous for each of the two allelic 
phases and J heterozygous the respective phenotypic values being d, d 

and h The mean would be hence variance due to single factor would be 

J (2d" + /i*) 

as had been shown by Fisher, Immer and Tedin (Fisher, R A , Immer, F R , 
and Tedin, Olof 1932, Genetics, 17 , 107) Hence the F. variance due to 

n factors would be 2 ] (2/7 f A-) I nd^ 0 5n, 

for no dominance, 1 1 h o Similarly for complete dominance variance 
in F., E \ (2</" I //") IncP 0 75n 

for both the subsequent cases where dominance is cither in one direction 
only or in both directions since //* d* in both cases He considered some 
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other cases and by similar methods calculated the mean variance within 
and between Fj progenies also and presented the following table- — 



The mean variance within F, progenies was exactly half the variance 
in and could be calculated from the above table All cases had the 
same maximum genotype indicating the same degree of maximum improve- 
ment attainable by selection. It was apparent from the table that with a 
given number of genes and with the same type of dominance, the variance 
in Fj was higher for a larger value in F, and consequently even if variances 
as well as mean values were to be taken into account in selection, selection 
in Fi would be reliable, as F^’s with higher values could also be expected 
to give larger variances in subsequent generations. If in actual experimental 
material this association between F^ values and Fj variances was not realized, 
a possible explanation was provided by the case for balanced dominance 
shown in the table. There the F, with a value lower than all other cases 
of dominance gave an Fs with the largest Fj variance, it had to be noted, 
however, that even here the Fj variance was not larger than that obtained 
with full dominance for all factors which also had the highest Fj value 

The large genetic component of F, variance between progenies as well 
as its approximate constancy in the different cases suggested that selection 
might be profitably exercised in Fj generation , but, the expense of growing 
a large number of F, progenies would be considerable The relative, efficiency 
of selection in different generations was required to be studied carefully by 
weighting the considerations of expense and the improvement to be expected 
appropriately. 

Mr. R. S. Koshal (Poona) said that there were three well-known 
methods of plant improvement, namely, importation and subsequent 
acclimatisation of foreign seed, mass or single line .selection, and hybridi- 
zation. He proceeded to describe the third method and to show how selection 
from suitable crosses could be made m F^ generation without going further 
to the Fj stage, thus saving considerable lime and labour Here the statis- 
tical methods had helped the plant-breeders to evolve a suitable technique 
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and the essential requirement of that technique is that the parents and the 
F/s should all be grown the same year m a randomized replicated trial 
Material for such a study was available from an experiment which had been 
carried out at the Institute of Plant Industry, Indore, and he illustrated the 
method with reference to three vanetics and their crosses, which had 
been grown in the randomized blocks 

The varieties eould be denoted by AA, BB and CC and their F,’s by 
AB, AC and BC where A D md C represented the groups of genes in the 
parents responsible lor fineness There were 5 degrees of freedom for 
comparison among the pirctilal varieties ind their F,s These could be 
split up into 2 lor the genetic part, I tor heterosis and 2 for epistaey or inter- 
actions between “cues The genetic part gave comparisons between the 
three expressions 2^ A J AB 1 AC, 2BB ! BC +AB and 2CC CAH BC, 
and these compaiisons showed which variety was better for crossing The 
compaiisoa between the mean ol the parents and their F/s provided evidence 
for heterosis or hybrid \igoiir The comparison was of the type 
\A-| BB 2AB. 

AA I CC 2AC, 

BB 1- CC - 2BC 

The sum of these comparisons lor the throe crosses contributed a single 
degree of freedom foi general heterosis The remaining 2 degrees corres- 
ponding to epistaey consisted of comparisons between the quantities, 
AA 2BC, BB \ 2AC, and CC \ 2AB In the material under consi- 
deration it was lound on the above analysis that the variety B which was 
Bani (G arhonum forma Indua) was superior to the other two varieties. 
Malvi and Cwn 520, for crossing This illustrated how in some cases it 
was possible to eliminate undesirable material at F^ stage if a suitable 
technique was employed 

He further stressed that as already pointed out by Dr Pansc, plant 
variability can be traced to two causes (a) Environmental, {b) genetic, and 
It IS the latter which plays an important role in plant selection work For 
this purpose it is essential that plant-breeder should grow his material in 
replicated blocks and make selection on the basis of higher mean value and 
higher regression of progeny means on parental plants 

Mr V B Sahasrabudhe (Indore) after referrmg to the importance of 
replicated progeny row trials emphasised by earlier speakers, said that 
standard layouts adopted for such trials consisted of randomised blocks 
with plots consisting of S to 10 plants replicated S to 10 times depending 
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upon the quantity of seed available The method of growing progenies 
in strips with controls after 10 to 15 progeny rows was, however, adopted 
by some breeders For a large number of progenies the various incom- 
plete block designs would appear to provide suitable layouts 

He then discussed the results for two plot si/es 6' T and 12' >: 2' 
from a uniformity trial which was laid at the Institute of Plant Industry, 
Indore, with an Institute bred cotton strain, Dhar 43 The spacing between 
rows was two feet and between plants one font, this being the standard 
spacing adopted for plant breeding trials at Indore The results consisted 
of the following comparisons. 

Comparison of the relative efficiency of simple randomised blocks with 
(1) strips with controls at regular intervals, (2) compact blocks with controls 
at regular intervals, (3) various incomplete block designs was shown in the 
following table:— 


Relative efficiency of simple randomised block i with strip? and 
compact blocks with control? 


6' X S' 
IS* X s' 


Relative eftitienty 

(]<llicieiic> of landomised bloLkv 100) 


Both the designs were less efficient than simple randomised blocks by 
12 to 27%. The reason for the lower efficiency of ‘ strips’ was due partly 
to the undesirable shape of the blocks. Even compact blocks with controls 
were less efficient, due to the fact that controls occupied more space and 
had that space been utilised for increasing the number of replications the 
magnitude of the error vanance could have been reduced more. 

The relative efficiency of various incomplete block layouts for the 
6' X 2' plot size without and with recovery of inter-block information, as 
compared to simple randomized blocks, was as follows:— 
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The results showed that for progenies upto 12S the designs were dis- 
tinctly less efficient as compared to the simple randomized blocks, when the 
intcr-block information was not recovered For a larger number of pro- 
genies however, the effiaency was slightly higher than of simple randomized 
block layout With the recovery of information the efficiency was the same 
as that of the simple randomized blocks for progenies upto 12S and increased 
slightly for larger number of progenies So far as the present results were 
concerned the designs did not seem to be useful considering the complicated 
nature of the field arrangement and the labour involved in the statistical 
analysis 

Mr Sahasrabudhe added that in these designs the comparisons of the 
progeny means were done with unequal precisions as different errors had 
to be used for testing the significance of the differences when the progenies 
occurred in the same or different incomplete blocks, except in the case of 
symmetrical incomplete block designs, where due to the balanced nature of 
the design the progeny means could all be tested with equal precision This 
latter design, however, required a certain minimum number of replicates, 
p + 1 , if p progenies occurred m an mcomplete block and could not be 
employed where the available seed was not sufficient for sowmg the minimum 
number of replicates 

Dr L A Ramdas (Poona) referred to the relationship between agn- 
cultural meteorology and plant breeding and explained how drought resist- 
ance of different varieties could be tested in the laboratory by controllmg 
humidity and temperature 

Mr R D Narain (Cawnpore) stated that there appeared to be a consi- 
derable similarity m the statistical approach to plant selection and to the 
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study of human abilities He illustrated his remark by explaining how 
the discnimnant function could be used in the evaluation of answer papers 
of examinations to assess intelligence 

Prof S Ranjan (Allahabad) felt that too much attention had been paid 
to plant yield in selection work in the past and too little to the nutritional 
value of improved varieties He emphasised the need of physiological 
study in conjunction with plant breeding 

Dr C Chandrasekar (Calcutta) illustrated some applications of 
statistical methods to the study of human genetics The science of human 
genetics presented greater difficulties than those presented by plant or animal 
genetics since neither ancestry and genotypes of human beings could be 
known with accuracy, nor could their matings be controlled In such 
circumstances ‘ The principle of random mating ’ offered immense possi- 
bilities for the human geneticist The principal assumptions ot this method 
were that the matings took place at random and that the genotypes were 
uniformly distributed in the population With the help of this method 
several useful results could be calculated lor instance, the calculation of 
the proportions of normal and aHectcd progenies iii case of characters 
controlled by dominant or recessive genes Similarly, it could be used to 
predict occurrence of certain characters and the results could be compared 
with those actually observed One such character was the ability to taste 
phenyl-thio-urea in small dilutions hxpcctations worked out for this charac- 
ter for American population were well corroborated by observed data 
However, observational data on the occurrence of albinism in England 
differed very considerably from expectation and thus failed to substantiate 
the assumptions That gene frequencies may vary substantially even in 
groups living close together was well brought out by the distnbuMon of blood 
group data recorded at Calcutta Hence it appeared exceedingly difficult 
to obtain actual results rigidly satisfying the condition of even distribution 
of genotypes For the selection of homogeneous populations, primary 
surveys of blood groups response to phcnyl-thio-urca and such other 
characters might offer useful guidance 

Prof Madhava (Delhi) said that he was not a plant or animal breeder 
but that his contacts with Drs Sukhatme and Pansc had aroused his interest 
in the subject and that he would say a few words as to how the statistician 
got involved in problems of that kind It was true that the geneticist had 
to deal with phenomena due to a number of causes He must, therefore, 
have resort to statistical methods The statistician bad also to enlarge the 
domain of his activities because statistics was a unifying element in all 
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sciences However, be telt that there was too much emphasis placed on 
pure statistical methods He hid been reading in an amateurish way 
recently some of the books of Haldane and other authors But there he 
noticed th it his difficult) was not in following the general subject matter 
He came across certain equations of the kind 

U/i Un + K/(U/i + 1 - K) 

= (U*/f + U/;)/(Lfn I- 1 - K) 

He found that in Haldane’s lectures there had been no formal solution of 
that equation ft had been solved in an approximate way only The solu- 
tion was valid where the generations did not overlap as in annual plants 
He also had come across the transcendental dillcrence equation in Fisher’s 
book 

U/i Ke 

Pure mathematics had lagged and had not been able to devote itself to the 
rigors of a complete solution of equations of this type Fuithermore, one 
comes across certain types of linear equations of the 22nd degree m the 
evolution of pedigree proportions Obviously, the solution of an algebraic 
equation of this older is impossible except through refined calculating 
machines 

Mr V G Pendharkar (Bombay), in a written contribution, made the 
following observations on the Etah Goat Breeding Experiments in connec- 
tion with the application of statistical methods to animal breeding 

Although the Goal Bleeding Experiment carried on at Etah, to which 
Dr Sukhatme had referred, failed in its chief objective, viz , to breed a type 
of goats from the existing types with a higher milk-yiclding capacity, consi- 
derable importance attached to the experiment on account of the revelation 
of the immense complexity of the problems which were inherent in such 
schemes 

A clear statement of the objective was the first necessity in any experi- 
mentation The Etah Scheme aimed at producing goats with a higher milk 
yield But the term higher milk yield could have several interpretations, 
such as a higher milk yield for the whole period of lactation, or a higher 
average milk yield for the period the animal is in milk, or again a higher 
average daily milk yield calculated on the basis of the mterval between two 
kiddmgs As the length of a lactation and therefore the length between two 
laddings can to an extent be manipulated, it would appear desirable to aim 
at securing an increase in the average daily milk yield during the period the 
animal is m milk 
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The selection of the raw inateiial comes next In older to have scope 
for improvement the raw material must possess a considerable amount of 
genetic vanation in the v dues of the character with regard to which experi- 
ments arc being made The yield of milk howcvti, is a character notoriously 
susceptible to a variLly of lactois such as the tunc of the day, the stage to 
which a lactation has progressed the ordci ol the 'actition the type of feed 
given to the animal, the climate and so on Appnciilion ol this fact 
unplies (a) that in planning the experiment and during the analysis of the 
data due care has to be taken so as to prevent the mixing up of the effect of 
such factors and the eflcct of genetic selection and (h) that as a preliminary 
to breeding experiments a good deal of data should be collected and ana- 
lysed so as to yield mtormation regarding the relative importance to be 
attached to each of them With a knowledge of the precise edects of the 
different extraneous factors on the character cxpciimcnted upon wc should 
be m a much favourable position for conducting the experiments Besides, 
it IS well known that the animal breeder attaches considerable importance 
to colour and configuration in fixing his ‘ pure types from the animals 
Whether such “ pure ’ types chosen so far in this country do m fact corres- 
pond to a “ pure ’’ type for a quantitative character such as milk yield or the 
yield of meat, etc , in the sense that the genetic part of variation in the 
incidence of these chaiaclers is negligible is a point which remains to be 
proved In the Etah experiment most of the Baibari goats were chosen from 
a certain part of the country which is supposed to hive a “ pure ” herd 
The results of the experiment are not conclusive as to whether the goats 
and bucks were homozygous with regard to milk yield or not but there is 
considerable ground for supposing that this might have been the case Prior 
knowledge particularly regarding the correlations between oarents and 
offsprings would have been of immense help to the planners ol the experi- 
ment had it been available Collection and analysis of data regarding the 
incidence of such characters in the so called pure ” types seems an urgent 
preicquisite for the animal breeding experiments in this country 

Secondly, information regarding the incidence of the character m one 
part of the raw material, namely, sires, is lacking We can only estimate 
a sire’s worth from the perfoimancc of his daughters which is too late for 
our purposes Nothing can be more dishcartcmng than to find after spend- 
ing several years and considerable amount of money that (a) either the sires 
were probably homozygous with the dams and therefore there was no scope 
for improvement or (b) that they transmitted a low milk-yielding factor and 
actually spoilt the herd Proper selection of the sires is therefore a very 
vital factor for the success of the experiment 
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We must have a method of discriminating between good and bad sires and 
that too preferably at the start of the experiment or at any rate m its early 
stages, say, in the course of the first or second lactation of their progenies 
This necessitates a very careful planning of the experiment and thorough 
analysis of the data by modern advanced statistical methods at each stage 
The necessity of such discrimination becomes all the more paramount 
on account of the practice of having a relatively small number of sires as 
compared to the dams One of the mam grounds of criticism against the 
Etah experiment is that the number of bucks was verv small to start with 
and in the later stages the male progeny of only one of these bucks (48 M) 
was given great prominence Since nothing was known regarding the 
ability ot the original sires and dams and the first progeny tor some 
unaccountable reason gave a higher milk yie’d than their dams the experi- 
menters were lured into a false sen>e of security By the time the true worth 
of the sires began to show itself the experiment was too far ad\anced The 
lesson to be learnt is to hive a rclatnely laruer number of sires at the start 
of the experiment say one sire for every 15 dams oi so As far as possible 
the sires should be selected with reference to their mothers’ lactation per- 
formances All possible data regarding the performances of their relatives 
should be collected and studied In the absence ot herd books exact 
quantitative information would be impossible to obtain And in any case 
the information will have to be supplemented by direct evidence obtained 
from the performance of their progenies for this purpose the sires for 
the difierent groups should be interchanged for the ditlerent kiddings accord- 
ing to a pre arranged plan so as to compare their abilities after allowing 
for the difference in the milk yield of the progeny caused by the variation 
in the dams Even for such a scheme it would take 8 10 years before the 
true worth of the sires can be assessed Though this may be so, the need 
for carrving out an experiment on the above lines can hardly be doubted 
It mav he possible to devise short cuts to forecast the sire’s ability based on 
a study of material collected for a short period 

As mentioned above the first progeny of the goats on the Etah farm 
gave higher milk yield than their mothers Various causes such as difference 
in the orders of lactations of mothers and daughters, difference due to the 
early nomadic life of the mothers, le , the foundation stock and the farm 
life of the daughters, hybrid vigour, etc , have been adduced for this pheno- 
menon Whatever may be the actual cause the phenomenon is worth 
investigating further because of the important issues it raises with regard to 
the breeding plan Perhaps the easiest way of overcoming the difficulties 
created by such a phenomenon would be to regard the first progeny and 
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not the original animals as the foundation stock in the absence of infoima- 
tion regarding the previous performances of the original animals This 
would certainly mean some expenditure and loss ol time but wc would be 
on a suier ground in as much as wc would be eliminating possible diilcrcnces 
in milk yield caused by environmental factors Secondly we would have 
complete data lor progcnywisc compinsons 

Associated with any such scheme must be an elhcient system of recording 
and regularly analysing the data collected Deasions regarding mating, 
culling, etc , should only be based on the results of the statistical analyses 
carried out by appropriate methods We can then be assured ol a reason- 
able chance of success 

Mr A R Sen (Lucknow) in a written contribution made a survey of 
available statistical methods for the detection and estimation of linkage in 
genetics He dealt with the method of maximum likelihood for estimation of 
hnkage, alternative procedures when single factor segregations were distui bed 
and with the planning of elhcicnt experiments for linkage studies 

Mr K Ramiah (Cuttack) in winding up the proceedings said that they 
had been listening to a series of important and thought-provoking papers 
on various aspects of statistics in its application to plant and animal breed- 
ing He wished that many others who were actually engaged in plant 
breeding icsearch weic present at the meeting The whole point of the 
discussion was that plant and animal breeders did not take enough help 
from statistics As for himself he did not sec any reason why the bleeder 
should fight shy of statistics After all statistics was only a tool and it was 
necessary for the breeder to utilise this tool to make sure that he was pro- 
ceeding on right lines 

He did not entirely subscribe to the accusation that breeders did not 
utilise statistics and said that statistics as a science in its application to agri- 
culture and field experiments was hardly three decades old and some of the 
problems dealt with by the previous speakers have been under investigation 
only within the last few years He said he was one ot those lucky few to be 
associated with men who were just bringing the idea of probable erroi and 
dupheate plots in agricultural experiments in India nearly thirty years back 
Great improvements had taken place since then He felt that in using 
statistics the availability of trained staff and other facilities had to be taken 
into account Unfortunately, the statisticians were suggesting designs for 
the breeders without a correct idea of their requirements and the facihties 
available on the spot The breeders were also, with a blind enthusiasm 
for the latest methods, trying to adopt them without understanding the 
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limitations and difficulties involved lie was glad to find from Mr 
Sahasrabudhe’s paper that a simple randomized blocks layout was 
really more efficient m several cases than some of the later improvements 
like the incomplete block designs While it was necessary to look for 
efficiency in a design, the piaclical convenience was, he considered, much 
more important particularly in out-ol-thc-way research centres with limited 
stalf and inadequate facilities Mr Ramiali requested the statisticians 
particularly to look very carefully into the plant breeding problems before 
they gave advice He wanted to wirn the statisticians that they should 
not rest content with giving adxicc and examining the data collected but 
should also look into how the data had been collected 

He said that Indore had been unique in respect of an intimate associa 
tion between the statistician and the breeder but this advantage did not 
exist elsewhere in India He was glad Dr Pansc had shown them how 
statistics could be of help in plant breeding and had drawn their attention 
to the value of the discriminant function in plant selection, but considering 
that very few statisticians had taken up the subject seriously, he considered 
that the progress made in India in the use of statistics in plant breeding was 
creditable He hoped that Dr Pause’s results on cotton would soon be 
tested out in other crops and he was looking forward to their use in rice 
breeding Referring to his recent visit to Denmark and Sweden, two of the 
most advanced countries in agriculture in Europe, he said he was surprised 
to see that the Fisherian technique was not adopted in field experiments 
in those countries The workers there were content with the classical 
systematic arrangements in field trials on the plea that the application of 
randomization entailed practical difficulties and they thought that their 
method ol balancing the varieties within each block gave a better scope for 
an easy visual comparison The impression he got from a perusal of the 
recent Impcnal Bureau publication on Soviet Genetics was that they were 
denouncing their faith in modem genetics, the basic science for plant and 
animal breeding, and were gome back to Burbank’s methods ’ 

With regard to animal breeeding the position m India was very much 
worse than in plant breeding as far as the use of statistical methods was 
concerned This was entirely due to the fact that most of the animal breeders 
in the country were not acquainted with statistical methods, but there were 
signs of an awakening in recent years Until recently there was not even 
unanimity of opinion among experts with regard to the parents to be used 
for crossing Now that young men are being sent abroad for training m 
animal breeding and statistics he hoped that a better chapter would be 
written about animal breeding in the near future 
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ScALFiNsrcTS wiien they contain symbiotic yeast-likc micro-organisms, 
show ^pLcihcity of symbiosis The technique which gives such resujis is 
very simple Smears of tissue containing the symbiotes arc carciully illus- 
trated with the help of a camera lucida and the drawings selected to show 
not mirtly representative forms but also to give a summary picture of the 
range of polymorphism observed Such an illustration would represent 
all common polymorphic forms of the germ If properly undertaken each 
picture would be different from others and exhibit specificity of symbiosis 
among insects as has been shown to be the case in some scale-instcts ‘ This 
method was an extension of a plan^ to classify commercial lac insects by 
a microbiological method and a subsequent study* has shown that lac insects 
also harbour specific symbiotes 

The method was extended and some interesting results were obtained 
Morphologically the genuine lac insects and pseudolac insects were once 
classed in the same genus by an expert coccidologist like Grccn * Taking 
three genera ot lac insects, Lakshadia, Metatachardia and Tachardina their 
symbiotes show a corr,,spondmg generic difference Lakshadia have ytast- 
like symbiotes, Metatachardia contains an actinomyccs,® while Tachardina 
species have bactena Now there is an insect. Tachardina silvestni. which 
has not yet been recognised as an independent species by systcmatists A 
smear from this insect easily distmgiishes it from other sister species,* thus 
mdicatmg the value of the new method when it can be applicable 

Tachardina lobata has two favourite host plants, Michelia champaca and 
Guazuma tomeniosa Much to my surprise 1 found there arc two separate 
insects’ which do not differ morphologically but are separate with regard 
to host-selection and also with regard to the symbiotes they harbourr 

Just as pseudolac insects could be separated as a class from lac-msects 
proper, by generic differences in their respective symbiotes, some insects 
produemg wax and pseudowax have been likewise separated Cerococcus 
species secrete wax and they harbour yeast-like symbiotes, while a new genus 
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has been created Concoccus for insects" that do not produce ^^ax proper 
and contain bacteria in symbiosis * 

It has been previously emphasized that morphologists do not usu illy 
consider physiological characters • If these be given due consideration 
specificity of symbiosis would also become a part of the physiological system 
of an organism which would be an additional aid in classifying the hosts 
exhibiting it For example it is being shown in this communication that 
two species of Aphrophorms differ in colour, a fact not fully exploited and 
further that their symbiotes also difter and it is these germs that produce 
their respective pigments To admit that the colour of these insects differs 
from species to species is to imply that their producers, the symbiotic germs 
also differ and independently this is being established in a senes of studies 
which began with that of Ctcadella vtndts^ Specificity of symbiosis as 
far as yeast like symbiotes arc concerned is relatively easy to cstabli h , 
the method is not easily appLcable to bacteria on account of their small 
size and further because the germs seem to disappear from the baetentomes “ 
when the adults arc about to lay the eggs The method has more than one 
limitation but whenever the technique is applicable it i*- as reliable as any 
morphological method When colour is recognised as an important charac- 
ter for diflfercntiating species I do not see how the germs that produce these 
pigments can be overlooked Since this point bad not been recognised 
there appeared a great gap between the papers that established speeifiaty 
of symbiosis where the symbiotes were yeasts and the senes of communi- 
cations that are being offered^ to prove that there is a similar specificity 
of symbiosis even when the symbiotes are bacteria 

Every systematist recognises that it is easier to separate genera than to 
estabhsh different species The difficulty arises when morphological differ- 
ences are small It is precisely in such cases that physiological differences 
are greater For example. Tachardtna sUvestm and T lobata have different 
host plants and different bacteria and also different colours Dogmatic 
systcmatists have not recogmsed such facts as certainly Chamberlin^* has 
not done while my subsequent work has justified the new standpoint 

I shall begin with symbiosis in Aphrophorinx of which only two species 
are commonly found in Europe Haupt’s monograph^* of Homoptera gives 
Aphrophora salicma Goeze, also named A sahcis De G as 9-11 mm long 
and relatively less distributed Ajdirophora abii Fall is 8-11 mm long and 
is found all over Europe and even in north Chma A ^pumaria L “ is its 
another synonym and perhaps for this reason there appears to have been 
some confusion m identifymg the insect At any rate A alni (A spumarid) 
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IS certainly the more easy to find and has consequently been the first species 
to be investigated A popular book on natural history like that of 
Lydekkar “ mentions only A spumana as a representative of the class of 
spittle insects Sulc^* records it in his classical communication on symbiosis 
in 1910 stating Bci A aim einc ganze Menge von cigcnaitigen grossen 
Bakterien die im besonderen Zellen aiifgespeichert nebcn der Hcfe feanz 
gut in Organismus prospcriert (p 36) He thus records an yeast and a 
bacterium in A aim 

In 1912 Buchner^' published a monograph on symbiosis met rpe rating 
studies on a species of Aphrophon In the text he does not rtfci tt Sulc’s 
finding just mentioned He illustrates a larva which bears no dcsign-ition 
in the explan ition to the plate ^\herc the coloured figure is eiven Lnfortu 
nately I was led to state that Buchner did not know the species Buchner 
in his tre'itise on p 72 states that the species under question is A '>alicis 
the rarer insect He however shows on Plate 11 Pig 6 large bacteria like 
cell inclusions which to quote Sulc app-ar peculiarly large ones The 
yeasts to which Sulc refers arc also illustrated by Buchner on Plate 11 in 
Fig S The illustrations fully confirm Sulcs previous record and added 
to this is the probability that Buchner also handed an insect which was by 
far the more common, the investigated A aim and not A salitn ns he 
states In his second monograph “ which appeared in 1925 Buchner fur 
ther investigated the same insect where he confirms his previous find i gs 
of 1912 With the addition of a third yeast bke symbiote Strange enough 
he does not correct the discrepancies to which attention has been drawn 
here 

A sahcis was actually first investigated by Buchner^ in I92S On 
p 208 he classes the insect as a disymbiotic host One symbiote is a long 
bacillus typical of its class to which no bacteriologist would object He 
illustrates these germs in Fig 4 6 on p 103 The other symbiote is supposed 
to be a fungus or yeast belonging to the mysterious genus Cicadomyces 
and the species under question has been named by Sulc as Cicadomyces 
aphrophora sahcis and quoted by Buchner^^ on p 102 under the impression 
that he was studying A sahcis It should have been C aphrophora aim 
A recent book on insect microbiology” by Scemhaus also does not point 
out this mistake The fact that so far such an obvious error has not 
been discovered is to be interpreted as due to the supposed germ having 
been very poorly described or according to me for not havmg existed at all 
A tissue cell confiaimng these Cicadomyces aphrophora sahcis shown by 
Buchner” in his Fig 7 on p 107 is reproduced here as Fig 1 In a section 
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these bodies do superficially resemble yeasts But onct they are isolated 
from the tumour these germs appear to have bi/arre forms which 1 u\c been 
also illustrated by Buchner m his Fig 4a p 101 One of these bodies is 
reproduced here as Fig 2 The object looks any thing but an yeasi Thc*e 
Cicadomyces have one appearance in sections nnd quite another when seen 
isolated This is certainly nothing to do with polymorphism 

While discussing symbiosis in Cicadella vtndis^^ I have mentioned that 
Cicadomyces are protoplasmic debris In the tissue cell they lie in large 
pieces such as Fig 2 here illusl rates intertwined and folded so that none 
can be cut longitudinally Imagine a ball of cord or tl ick rope be ng cut 
across the cords in cross section would always appear as round objects 
Such is the case with Cicadomyces or elongated pieces of proloplasma which 
arc always seen cut across md thus as round objects giving a uniform picture 
in practically all homoptcrous insects The more these objects arc studied 
the more is the uniformity discovered and it becomes impossible to give a 
specific description of any of these so called germs With Gimesa stain 
they take the characteristic blue plasma stain They show no organi cd 
nucleus but now and again only chromitin residues Vicuolcs arc usually 
absent while they are always present in yeasts and in fungus mycelium 
Yeasts and bacteria have some kind of membrane which ei ablcs them to 
withstand disintegration and even digestion with pepsin in dilute hydro 
chloric acid The Cicadomyces do not possess any such membrane and 
are easily digested and disintegrated None of them has been cultured ‘o 
far while no microbiologist has seen anything like them anywhere outside 
the field investigated by workers on insect symbiosis I must again quote 
from Gregson “ “ During recent years much has been publisl cd regarding 
various intracellular symbiont like bodies In several instances it has proved 
diflScult to classify these bodies biologically and in a few cases it has not even 
been established that they are living units This is perfectly true of Cicado 
myces It therefore means that A sahets contains only one symbiote 
the bacillus first observed by Buchner 

In 1912 Buchner confirming Sule s findings illustrated two symbiotes 
of A aba although he had mistaken it for A salicis Of these two symbiotes 
one was a giant form of bacterium shown in his Fig 6 Plate II and the 
other an yeast or rather Cicadomyas aphrophora aim Sule which was 
illustrated m Fig 3 Plate 11 In 192S Buchner reinvestigated A aim low 
correctly identifying the insect The previous findings naturally would 
have been of greater value if Buchner had also corrected the minor but obvious 
mistake of not having properly identified the species in 1912 The memoir 

BS 
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of 1925 records in all three symbiotes in A abti for which Buchner uses the 
synonym A ywnaria and under this name classes it as tnsymbiotic insect 
on p 210 The three svmbiotes are illustrated on p 113 with their res- 
pective tumo r cells facing them for easy comparison on p 112 The 
additioial symbiote is aiother yeast like object evidently another Cicado 
myces 

The largest symbiote in A aim is S ilc s Cicadomvces a aim In Fig llo 
BJchner ill istrates it as seen n a histolog cal section where the tissue cells 
contain veasl 1 kc or round objects ready to p ss into an egg One such 
tissue cell full of Cicadomyccs is reprodiced as Fig 3 here I am not sure 
if the luthor means to show two spec cs of these mysterious germs or only 
one However Cicadomyces a abu is shown by Buchner in a section of 
the adult insect in his Fig 9a p 112 wl icl is copied here as Fig 4 The 
supposed germ when seen isolated appears in Buchner s Fig 10a p 113 
with the same fantastic forms as were mentioned in connection with A salias 
One of these forms representing Cicadomyces a aim shown isolated is 
reproduced here as Fig 5 Cicadomyces a ahi Fig S compares very well 
with Cicadomyces a salias Fig 2 so much so that neither in illustrations 
nor in Iving condition can there be any difference between them 
Steinhaus “ who apparently believes in their existence remarks in connec 
tion with Cicadomyces a aim Sulc that this species is without an adequate 
description If a picture be drawn to show the polymorphism exhibited 
by the chief symbiote of A aim Fig 5 here with that of A sabcis Fig 2 
here there would hardly appear any difference This is to be expected if 
both are protoplasmic debris AH the remarks passed previously with 
regard to S ilc s Cicadomyces a salias apply with equal force here 

In 1910 Sulc^* mentioned two symbiotes one is Cicadomyces a ahu 
just dealt with and the second is supposed to be an exceptionally large 
bacterium Buchner^’ illustrated these bacteria of Sulc in his thesis of 1912 
in Fig 6 Plate 11 and in his monograph** of 1925 on p 113 in Fig 10 e 
These bodies are so large that no bacterium can be compared with them 
Just as Ccadomyces occupy an anomalous position among yeasts this 
bacterium ot Sale does among bacteria Although Sulc did record findmg 
a bacterium in A aim Buchner has not mentioned Sulc s finding either in 
his work of 1912 or in that of 1925 His Fig 10 a offered m 1925 remams 
unidentified either as bacterium or as fungus and my mterpretation is that 
It IS neither Buchner merely calls it a symbiote 

Such long cell inclusions as these bacteria hke bodies appear have 
not been m*t with in any other insect and as such struck to me as specific 
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I could not have spent moie time to study these bodies cnticolly They 
stain blue with Giemsa as typical protoplasma pieces, are vciy dtlicalc and 
do not stand disintcgi ation lack nucleus and many do not have vacuoles 
I have done my best to cultivate them without any success I am eonvmecd 
they arc not living entities but pathological products of protopla'^nnc ongn 
Objects of the same shape but shorter in length arc met with in many msect'- 
Thc third symbiote which has been discovered bv Buchner in 1925 and 
not mentioned in his thesis of 1912 is apparently a species of Cicadomyccs, 
so that I am the more convinced that this new symbiote is only a stage of 
protoplasmic dismtcgration comparable with the mam Cicadomyccs Not 
being different in kind to the other Cicadomyccs further critiei m is not 
necessary 

To show what a picture genuine yeast-hke symbiotes offer 1 have lopied 
from Buchner" and reproduced his illustration Fig 4 Plate 6 as Fig 6 
here They show yeasts in the fatty tissue ol a Cicad, some yeast cells 
are seen budding which is hardly met with in sections si own g C cadi n yci' 
The germs are separated from one another by residues of protopla^ma from 
the tissue cell Vacuoles arc seen and likewise nuclei Fig 6 repre‘crting 
real germs offers a great contrast to Figs 1 and 4 and 5 which all tontain 
Cicadomyccs or protoplasmic debris My object has been to study the real 
symbiotes to culture them and to see their role in vitro The study of 
Ctcadomyces has taken me to pathological histology which 1 eonfc's has 
been rather forced upon rac I have also attacked this pioblcm with rc-pect 
to my predecessors who have been pioneers in the field but we aie all liable 
to error and I have criticised them after much labour and patience in con- 
vincing myself 

Summary 

Aphrophora aim and A salicis each have one bacterium in symbiosis 
In smears they are specifically different A salicie has a long bacillus , 
A abu a shoi I and delicate bactcnuni These germs produce the pigments 
of their host insects the symbiote of A salicis an ochre yellow pigmint hke 
the colour of the insect that of A aim red>brown which is the colour ol 
this species Morphological and physiologieal tests have shown that the 
isolation of the symbiotes has been correct 

Sulc and Buchner have illustrated mysterious yeasts or fungi in symbio- 
sis with these insects These supposed germs are placed in a new genus 
Ctcadomyces Details are given to show how they do not represent living 
entities Eten the authors themselves have subsequently discarded their 
earlier nomenclature and have designated these bodies simply as symbiotes. 
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feeling themselves doubtful regarding the real nature of the objects they 
have illustrated These arc best interpreted as protoplasmic debris or 
pathological products without any nucleus, but merely with chromatinous 
residues, without any membrane to resist disintegration ard digestion and 
above all incapable of being cultivated and indicating any evidence with 
regard to their function These Cicadomvees show a great contrast to real 
yeast-like symbiotes which have been also illustrated for comparison 
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THE MODE OF ACTION OF NERVES ON 
UNSTRIATED MUSCLE 

By iNDkRjiT Singh, F A Sc , and Mrs Suniia Indlrjii Singh 

(from Ihi Ph\Molofical Laboratory Dom Meihral ( tllege kara hi) 

Rct-c v«.d Jjnuiry 21 1 J47 

The views regarding the mode of action ot nerves at their endings arc well 
known In the present research an attempt has been made to determine 
the mode ot action of nerves on unstri ited muscle Sin^h (1938 0 ) has 
shown that unstiialed muscle shows two kinds of coiitraetions One kind 
IS produced by allcinating current and spontaneous iclivity (Singh, 1939), 
and the other by tddilion of substances to sinoodi muscle liom without 
If nerves act by pioducing a chemical substance outside the muscle fibres, 
then the resulting contraction would be of the second kind Narayana and 
Singh (1944) found that in the dogs stomach the calcium required for 
contractions produced by acetylcholine or by vagus stimulation was more 
(0 005 0 01 A/ CdCl|) than that required for the contraction produced 
by alternating cuirent (0 002 M CaCl ) The sicnihcance ot this finding 
was not then realised , later on it was found to be a fea ure when the con- 
traction belonged to the potassium group (Singh 1945) thus suggesting that 
the contraction of the dog’s stomach produced by stimulition of the vagus 
nerve was due to the secietion of a substance outside the muscle librcs, pre- 
sumably acetylcholine 

Expprimlnial 

The muscle used in these experiments was from the stomach of the frog 
Jiana Tigrma Two kinds of muscle nerve preparations were made In 
one, the entiie stomach tied at the two ends, was suspended in a bath and 
the mesentery placed on a pair of electrodes, this recorded the contractions 
of longitudinal hbres In the other, the two nerves supplying the anterior 
and posterior surfaces of the stomach were dissected down to a common 
segment which was then cut out transversely and then bisected longitudinally 
at the greater curvature, the mucous membrane was subsequently removed 
This provides an ideal nerve-smooth muscle preparation for recording the 
contractions of the powerful circular muscle fibres During stimulation of 
the nerves, the solution was lowered in the chamber, and the preparation 
suspended in the air The nerves were stimulated by maximal induction 
shocks for 30 seconds every 15 or 20 minutes As the responses ot frog’s 
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stomach are so variable, three pieces were taken from another or the same 
frog and the responses to alternating current, potassium and acetylcholine 
(I in 5000-2500) were obtained for companson This high concentration 
of acetylcholine was used as the frog’s stomach is relatively insensitive, 
though responses obtained by nervous stimulation are usually powerful, 
inexcitabiiity to nervous stimulation has not yet been found During the 
same season the responses from the same batch of frogs are similar The 
contractions by all kinds of stimulation arc quite regular and can be obtained 
for several hours 

RtSULTS 

The contractions produced by the longitudinal fibres are feeble, while 
those produced by the circular fibres are powerful when stimulated through 
the nerves, indeed the contractions arc as powerful as those produced by 
any other form of stimulation Spontaneous contractions may interfere, 
but often they are quite small The latent period of the contraction pro- 
duced by nervous stimulation is 5-20 seconds, adaptation may be rapid 
so that the response may begin to decline before the period of stimulation 
IS over, or it may continue to increase for about 15 to 20 seconds after 
stoppage of the stimulus The response is a twitch, but sometimes the relaxa- 
tion IS slow 

Nervous stunulation of circular fibres produces a contraction similar 
to that produced by alternating current and spontaneous activity while 
stimulation of longitudinal fibres produces a contraction which is similar 
to that produced by potassium and acetylcholine 

Action oj Drugs 

Effect of atropine —1 in lO’-lO* atropine sulphate inhibits the response 
to potassium, acetylcholine and of longitudinal muscle to nervous stimulation 
1 in 10^ then improves the response to nervous stimulation and potassium 
The response to alternating current may be similarly affected, but usually 
1 in 10^ improves the response to alternating current (Singh and Mrs Singh, 
1946), as well as the response to nervous stimulation ot circular fibres 
Higher concentrations are depressant to both 1 in 10* is depressant to 
all forms of stimulation (Fig 1) 

Acetylcholine action is sometimes very susceptible to the inhibitory 
action of atropine, 1 in 10’ and higher concentrations of atropine completely 
abolishing the response produced by 1 in 5(X)0-2500 acetylcholine At 
other times the muscle is very resistant, and the response persists even with 
1 in 10* atropine When the response is a tonic contraction, then it is very 
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Fki 1 Frog atom icb, ac-tion of airopioe on the n.kponse to nervous stimulation of 
longttudmdl fibres 

susceptible, when it is a senes of twitches, then it is more resistant 
Calcium converts the tonic contractions of unstnated muscle into twitches 
(Singh, 1938 h) It would therefore appear that the membranes of muscles 
which respond by twitches contain more calcium and hence are less per- 
meable than those which respond by tonic contraction muscles, 

which give twitches, swell less in various solutions ind so are less permeable 
than others (Singh, 1938 £ , l944o) This is in agreement with Dales view 
that the chemical transmitter in the case oi vagal stimulation is secreted at 
a place at which atropine cannot penetrate This is best cvplained if it is 
assumed that the chemical transmitter is liberated in the outer zone (Singh, 
1944 b) The twitches produced by acetylcholine may be 'ven increased 
by atropine (1 in 10*) 

Effect of eserine — Previously it was found that small concentrations 
of esenne sulphate have an inhibitory effect on the response to acetylchohne 
(Singh, 1939) This was conhrmed in the present senes of investigations 
It was found that tome contraction is very susceptible to inhibition, 1 in 10’ 
completely abolishing the response (Fig 2) Thus with esenne also tonic 
contraction is more susceptible than twitches The response of longitudinal 
muscle to nervous stimulation is affected similarly, 1 in 10’ causing inhibi- 
tion, and 1 in 10* and 1 in 10*, causing increase, the response being more 
resistant than that produced by acetylcholine The response to alternating 
current and nervous stimulation of circular muscle is increased by 1 m 
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10^-10*, and depressed by I in 10* The response to potassium may be 
affected either way The response to nervous stimulation of cncular fibres 
may be affected also as in the case of longitudinal fibres 

The response to nervous stimulation is tharactcnscd by long latent 
period, and by the fai.t that it may continue long alter cessation of the 
stimulus The quesMon arises whether it is a composite or a single response 
Tn one experiment only it was found that, to begin with there was a single 
response, as the concentration of eserine was increased from 1 in 10’ to 
1 m 10* the response was giadually split into two, one occumng during and 
the other on cessation of stimulation The one occurring during stimula- 
tion wis suppressed and the other occurring on cessation was augmented 
by I in 10^ 10* cserinc the former resembling the response produced on 
stimulation of circular fibres by nerves Thus nerves produce icsponses 
dunnp and after cessation of stimulation, and these responses ire iflccied 
diRcreiUly by esenne Other forms of stimulation also produce similar 
responses (Singh 1938 <7, 1939, 1942) 

tffiit of a Innaltiu — 1 tn 10 improves the response to alternating current, 
and to nervous stimulation ol circular fibres, or this action may be produced 
by smaller concentrations if I in 10’ is inhibitory Higher concentrations 
are depressant 1 in 10’ depresses the response to acetylcholine potassium 
and nervous stimulation of longitudinal fibres I in 10* has also a de- 
pressant action 1 in 10 may potentiate the response to potassium as in 
AAP/io muscle (Singh, 193S a) and nervous stimulation Here again the 
tonic contraction by acetylcholine is more susceptible than twitches, 1 in 10’ 
completely abolishing the response, and if 1 in 10' is depressant, then the 
response to nervous stimulation is more resistant, as with atropine and 
esenne 

Effect of atetykhohne —The action of acetylcholine resembles that of 
esenne It has two kinds of effects First, it has an inhibitory action 
on the response to alternating current, potassium, acetylcholine and nervous 
stimulation of longitudinal fibres in small concentrations (I in 10* 10’), 
m larger concentrations (I in 10*), it has a potentiating effect Secondly, 
It has a poUntiating action on the response to alternating current and nervous 
stimulation of circular fibres in small concentrations, and an opposite action 
m larger ones 

The question anscs, why, if the response to nervous stimulation is due 
to liberation of acetylcholine, the presence of acetylcholine in the saline 
then should not enhance the action of the former The depressant action 
of acetylcholme is due to contracture or adaptation In frog's stomach 
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contracture docs not occur with small doses (I m I O') as it is relatively 
insensitive, and adaptation to chemical stimulation is slow It is thus found 
experimentally that 1 in 10® acetylcholine potentiates the response to nervous 
stimulation 

Action of Divalent Cations 

Effect of calcium —The optunum concentration of calcium for the res- 
ponse to alternating current is 0 0028 0 0042 \f CaCI. and for acetyl- 
choline 0 0028 A/ CaClj, for potassium it is 0 0014 W CaCl and for 
nervous stimulation 0 0014-0 0028 M CaClj In the absence of calcium, 
or it the concentration of calcium is reduced, there is a tcmpoiary state of 
hyper-exciiabihty to potassium, acetylcholine and nervous stimulation 

Excess ot calcium is depressant, but excitability again increases in about 
0 007 M CaCla as in avian and rabbit s gut muscle The potentiating 
action of calcium to potassium as found in mammalian muscle is not found 
in frog's muscle, though this action is produced by excess ol strontium 
CJjiit of strontiiun Strontium increases the response to all forms of 
stimulation in concentration of 0 0014-0 0028 M SrClj The action of 
calcium on mammalian muscle is similar to that of strontium on frog's 
muscle In frog’s muscle strontium can replace calcium, as a matter of fact 
It may have a stronger effect The stronger action ol strontium appears 
to be due to diminished adaptation This is probably due to diminished 
ionisation of calcium (Singh, 1944 c) 

Effect of barium — Banum has two kinds of action, one resembling 
that of calcium and the other that of potassium in causing contracture 
Owing to its latter action, it is usually depressant The calcium effect can 
be shown by the fact that it can produce persistent contracture in the absence 
of the Ca ion, and shows the calcium elTcct on the response to potassium, 
if contracture is not caused The calcium effect is more evident in h^art 
muscle, this is probably because the calcium in it is more mobile thus 
reducing its sensitivity to chemical stimulation (Singh, 1946) 

Eflect of matfntiium — Small concentrations of magnesium (0 0014 A/ 
MgClj) increase the excitability to alternating cuirent nervous stimulation, 
potassium and acetylcholine The response to potassium can withstand 
larger concentrations (0 0028 M), as in Mytilui muscle The favourable 
action of magnesium is probably due to de-ionisation of calcium 
Action of Monovalent Cations 

Effect of hydrogen lowj— The optimum pH for excitabihty depends on 
the buffer used In borate it is about 9-8*5 and m phosphate, 8-7 5 In 
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phosphate the excitability remains unalTccted whik m borate the response 
to nervous stimul ition is likely to fail As (ht pH is deci eased to pH 7 the 
response deercises ind thereafter the response inercascs up to pH 6 5 If 
the pH IS lurthcr decreased the response to ponssium acetylcholine and 
nervous stimulation of longitudin il fibres increases up to pH 5 4 5 2 and the 
response to alternating current and nervous stimulation of circular fibres 
decreases This is an important point in support ot the view that response 
to nervous stimulation is due to the secretion of a chemical substance and 
resembles the potentiating action of hydrogen ions on the response to 
potassium in mammalian muscle Gessel and his assoeiites (1944) have 
presented evidence that acetylcholine liberated by vagil stimul ition may be 
potentiated by acids which retaid the breakdown ol aeetyleholme by 
choline esterase As acids also potentiate the response to potassium it appears 
that this potentiation is not due to an action on cholinestearase only 

EJIlcI oJ lithium The antagonism between the response to nervous 
stimulation ot longitudinal fibies and that to alternating current is well 
shown by the action of lithium (big 3) Lithium up to 0 04 /V LiCI decreases 
the response to nervous stimulation of longitudinal fibres acetylcholine and 
potassium the responses to alternating current being mcreased With 



Fio 3 Frog stomach Action of lithium on the response to alternating current (Curve I) 
and nervous stimulation of longitudinal hbres (Curve 2) 

further increase of concentration of bthium, 0 08 3/ LiCl, the response to 
the former three is increased and to the latter decreased With complete 
replacement of sodium of the saline with lithium, the response to all forms 
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of stimulation is decreased, though that to alternating current may increases , 
the response to nervous stimulation of circular fibres is similai to that to 
alternating current 

Effect of sodium —Replacement of 20% of the sodium chloride ol the 
saline by sucrose decreases the response to alternating current and ncivous 
stimulation of circular fibres and increases that to potassium, acetylcholine 
and nervous stimulation of longitudinal fibres The action is howcvei variable 
and may be just the opposite In electrolyte free medium (Singh, 1944 d), 
the response to nervous stimulation lasts for about an houi 

Effect of ammonium — The replacement of about 60 to 80% of the 
sodium chloride of the saline with ammonium increases the response to 
acetylcholine and potassium but decreases that to alternating current, nervous 
stimulation of longitudinal as well as circular fibres In these muscles, 
ammonium may cause contraction 

Effect oj potassium — The optimum concentration of potassium for the 
response to alternating current, nervous stimulation of circular fibres, 
acetylcholine and potassium is 0 01 A/ KCl, that lor nervous stimulation of 
longitudinal fibres is one half to one-third ol the above Potassium and 
ammonium are depressant to nerve A higher concentration of potassium 
would be antagonistic to leakage of potassium Irom the fibres 

Action of Amons 

Effect of bromide — Low concentration, 0 02 A/ may inhibit or 
increase the excitability , higher concentration, 0 04-0 06 A/, has an 
inhibitory action This action of bromide is probably related to its inhi- 
bitory action in the central nervous system Higher concentrations, 0 08 Af, 
potentiate the response to acetylcholine, potassium and nervous stimulation 
of longitudinal fibres, the response to alternating current and nervous 
stimulation of circular fibres is depressed The replacement of all the 
chloride by bromide is depressant 

The action of mtrate, iodide and thiocyanate is similar, but is obtainable 
with smaller vanable concentrations, they are much more depressant 

Effect of cyortiJe —Small concentrations, 1 in 10’, are inhibitory, I in 
10* may then increase the excitability I in 10* may increase the response to 
potassium and acetylcholine and depress others The concentration of 
anions required to produce the above effects varies I in 10* may potentiate 
the response to nervous stimulation of longitudinal of fibres, but usually 
cyamde depresses the response to nervous stimulation 
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Effect of Omiotic Piessure 
The effect of increasing the osmotic pressure of the saline is vanable 
Intreas' of o monc pressure of the saline by adding sucrose to 1 4 2 times 
normil miy incicasc the excitability to all forms of stimulation, at other 
times It may cau^ decrease These variiblc results arc piobably due to 
the fact that m reisc in the eoneentiation of pot’ssnim inside the hbres may 
antagonise either the excitatory or mliibitoiy action of ions outside the hbres, 
It will decrease the exeitatoiy action ot substances in the former ease and 
increase in the latter 

Effect of Temperature 

The optimum temperature for response to potassium and nervous 
stimulation of longitudinal hbres is 20 C This suggests that in the ease of 
latter stimulation the stimulating ion is the potassium The optimum tem- 
perature for nervous stimulation of circular fibres is 20 2") C that for acetyl- 
tholiiic, 10 C and foi alternating current 20 2^” C 1 he optimum tem- 
perature may vary with that of the saline, thus exhibiting adaptation (Fig 4) 



Pio 4 Frog stomach Efloct ot temperdture on the response lo nervous stimulation 
of circular fibres, note adaptation 


Discussion 

Dale and Feldberg have shown that acetylchobne is liberated from the 
stomach during vagal stimulation This liberation of acetylcholine is of 
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functional import incc as the contraction produced by vagal stimulation is 
similar to that produced by acetylcholine (Narayana and Singh 1944) Dunng 
nervous stimulation of frog s muscle the contraction produced resembles 
that produced by potassium or acetylcholine It thus ‘ippears that acetyl 
choline is liberated though the stimulating ion may be potassium The 
potassium probably comes from within the cells as increase in potassium 
concentration in the saline docs not lugm nl the response acetylcholine 
probably causes depolarisation of the membrane icreasmg its permeability 
and causing leakage of potassium ions fre m within the fibres These then 
cause stimulation as has been explained in connection with the occurrence 
of contraction caused by altcrniting current 

The action of atropine suggests that acetylcholine is liberated not 
around the fibres hut in the adjacent zoic (S ngh 1944 6) 

The oicurrcnce of a contrietion which is similar to that produced 
by alternating current when i erves aic stimulitcd s iggcsts the possibility 
of electrical transmission which will precede chemical transnissi i as fiund 
by Lorent de No in the ccntril neivous system (McDivcII 1944) The 
function of chemical transmission would be to impart tonic properties 
to the phasic contraction produced by electric il trinsniission The 
function of cholinestearase in ccitain situations may be to prevent this 
action where it is not desired cserinc by inhibiting its tction would bring 
out the tonic function It is possible that in some places 1 1 the body the 
transmission is electrical in others only chcmic il or electro chemical one 
or the other being suppressed as required 

Denervated structures become more sensitive to ncurohormones This 
suggests that these neurohormones arc continuously or very frequently 
secreted In unstriated muscle increased sensitivity to an ion follows when 
the muscle is deprived of that particular ion such as calcium or potassium 
(Singh 1942 1946) 

Summary and Conclusions 

1 The nature of response of frog s stomach muscle to nervous stimu 
lation IS described The contraction is similar to that produced by acetyl 
choline and potassium and is not of the same type as that produced by alter 
nating current suggesting that acetylcholine is liberated during nervous 
stimulation of frog s stomach Excitation by nervous stimulation appears 
to involve the potassium ion 

2 Nervous stimulation also produces a contraction similar to that 
produced by alternating current thus suggesting that electrical transmission 
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precedes chemical. It is suggested that chemical transmission imparts ^inc 
properties to the effects of electrical transmission. 

3 On nervous stimulation, circular fibres of the stomach give the 
second kind of contraction, and longitudinal the first kind or tonic con- 
traction. It is probable that the function of the longitudinal fibres is to main- 
tain a tonic pressure on its contents and prevent the sagging of the stomach, 
and that of the circular fibres is to mix the contents by rhythmic contractions, 
as well as to exert a tonic pressure. 
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INFLUENCE OF ROOT EXCRETIONS AND 
GERMINATING SEEDS ON NITROGEN-FIXATION 
BY AZOTOBACTER 

By B N Uppal F A Sc J A Daji and M K Pati l 

(CaUege of A^rleyllure Poona) 

ReLOivcd Match 24 1947 

In a previous paper (Uppal et at 1919) it was shown that Azofobacter 
from cultivated rice soils \»as stimulated to grtatei activity m fixing atmo- 
spheric nitrogen when grown in pure culture in association with growing 
roots of rice plants This increased activity on the part of the micro- 
organism was further shown to be due to a change in reaction of the culture 
medium brought about by rice seedlings growing m it In the experiments 
to be desenbed below, the influence of the presence of growing roots of 
wheat, jowar (Sorghum vulgare L ) and radish on the fixation of mtrogen 
by Azotobacter in Ashby s cultures, has been investigated with a view to 
determining whether the living roots of these plants also stimulate the 
development of the micro-organism and thus enhance its nitrogen-fixing 
efificiency 

Experimental Methods and Results 

For the purpose of inoculation, isolate HI of A^otobaiter, which has 
previously been shown to be an effacient mtrogen fixer (Uppal et at , 1939), 
was grown on Ashby’s agar, and scrapings from a two days’ growth of this 
micro-organism were used to inoculate the culture bottles containing SO ml 
of Ashby’s solution 

Seeds from which experimental seedlings originated, were disinfected 
in a one in SOO solution of corrosive sublimate for 15 minutes These seeds 
were then washed in sterile water and ascptically removed to sterilised 
glass chambers lined inside with sterile, damp filter-paper When the 
seedlings had made growths of 2 to 3 inches m length, 9 seedlings of each 
kind were transferred to culture bottles 

Four sets of culture bottles each containing 50 ml of Ashby’s solution 
were prepared for each kind of plant and were treated in the following 
manner — 

(1) Inoculated with Is III, 

(2) Nme seedlings of each kind were grown in each culture bottle in 
this set. 
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(3) Same a& m (2) above but each culture bottle was inoculated with 
Is. Ill, and 

(4) Same a.s in (3) above, and in addition one gram of sterilised soil 
was added to each culture bottle. 

At the conclusion of the experiment after 20 days, the total nitrogen 
was determined from duplicate samples of each culture bottle including the 
seedlings and soil The results arc given in Table I 

Tadle I 


Influence of growing plant roots on nitrogen-fixation by Azotobacter 
(total nitroBcn m mg) 
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4 .SS 

13-23 , 13 44 

7-23 

7-31 

N Ill + soil 

8 fit V ,1 

1 70 


13-«fl 1 

7 30 


Net nitiiigen Exeil l)y | 

1 3 17 

, 1 

7U 

3 83 

1 

80 

Is III in presence 

\ 1 






of seedlings dnd loil 








N B -Ashby’s wlulion and soil in these expenments contained 0 06 mg N and t 58 mg 
N, respectively Is III alone fixed 0 48 mg N 


Results in the above table show that, as reported earlier (Uppal et al., 
1939), Azotobacter, in association with living roots of seedlings alone or 
in combination with soil, was able to llx larger amounts of nitrogen than 
in the absence of such association. The organism was aroused to greatest 
activity when wheat seedlings were used, and fixed 3-83 mg. {13 44— 
(8 03 I 58)) nitrogen, followed closely by radish (3 17 mg. N). Rice 
and jowar were poor m this respect and exerted an almost equal degree 
of stimulation It may be noted, however, that, when wheat seedlings 
were used alone without the soil, the organism did not fix, in such asso- 
ciation, as much nitrogen as when radish was used. The significance of 
these results is not quite clear at present. 

Hiltner, as quoted by Waksman (1931), found that “ non-symbiotic 
nitrogen-fixation is stimulated by growing plant roots; the higher plants 
use up the available nitrogen in the soil and thus create a nitrogen-hunger 
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tor the non-symbiotic nitrogen-fixing bacteria The plants supply the 
bactena with available energy, in the form of rotting root, hairs, root tips, 
etc ” Wdksman and Starkey (1911) came to a similar conclusion — “ in the 
neighbourhood of growing roots of plants there is an excretion of soluble 
carbohydrates and addition of other residues to the soil which may serve 
as food for bacteria Plants rapidly consume most of the available combined 
nitrogen from this portion of the soil These two factors, namely, the 
presence of available sources of energy and a nitrogen minimum, would 
favour the rapid development of Azotobacter and CbUnJtuni and lead to 
nitrogen fixation " Vyas (1914) working with maize seedlings, also noted 
that the maize roots excreted some stimu'ative product which cmblcd the 
non symbiotic mtrogcn-hxing micio organisms to fix larger amounts of 
nitrogen Viswa Nath reported (1939) th.it the gam in the nitrogen-content 
of the soil under held conditions may be pirtly due to the stimulating 
action ol root excretions on the mtrogcn-hxing bacteria 

Whatever may be the contributing (actors, it is obvious that the asso- 
ciation of growing roots ot plants with A-’olobactir stimuhtes the develop 
ment of the latter and leads to an enhanced activity on its pirt in fixing 
atmospheric nitrogen although it may be noted that the bcnehcnl effect 
so exerted on the micro organism vanes with the type of jssociited plant 
It IS claimed however, by some workers tha^ sprouting seeds and living 
plants themselves have the power of lixiiig itmospheric nitrogen during 
germination and the subsequent growth of the se dling Lipman and 
Taylor (1924) found that wheat and barley plants miwn in culture solutions 
fixed nitrogen but it may be noted that no attempt wis m ide in tlii se experi- 
ments to maintain sterile conditions and thit tap water was used for making 
culture solutions Burk (1937), in controlled experiments with pels, did not 
obtain any evidence of nitrogen fixation during ge*rmination of pea seeds 
Sen (1929) his suggested the possibility that nitrogen fixng micro- 
organisms may live symbiotically in the roots ot ricc plants, whilst Viswa 
Nath (1932) holds the view that the rice plant itself has the power of fixing 
atmospheric nitrogen The latter (1940) has also reported that maize seed, 
when germinated in a known volume of air devoid of all combined nitrogen, 
absorbed atmospheric nitrogen during germination of the seed and the 
subsequent growth of the seedlings Jamieson as quoted by Winters (1924), 
claimed that all green plants possess the power ot fixing nitrogen On the 
other hand, Krassilnikov, as quoted by LochheacI (1940), has shown that 
Azotobacter was unable to grow in the rhizosphere of wheat, le , the sub- 
terranean part of the plant system, and was severely suppressed in that 
of maize He attributed this to the toxic effect ol root secretions 
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In view of the conflicting evidence on the ability of growing plants to 
fix atmospheric nitrogen, an experiment was done to determine whether 
seeds absorbed nitrogen during germination and the subsequent growth of 
seedlings. Seeds of wheat, jowar {Sorghum vulgare L ) radish and pea, 
which were previously disinfected in a one in 500 solution of corrosive 
sublimate for IS minutes, were germinated on damp filter-paper in moist, 
sterilised chambers at room temperature Fifty seeds and an equal number 
of 4- and 20-day old seedlings of each kind of plant were analysed for total 
nitrogen. Results are presented in Table II and show that germinating 
seeds and young seedlings do not possess the power of fixing elemental nitro- 
gen when tested under aseptic conditions. 


Table TI 

Nitrogen-fixation by germinating seeds and Kedhngs 
(Total NitfOBon m gin.) 


Kind of 
plant 

1 Seeds 

1 4-day old seedlings 

1 20-day old seedlings 

fiO seeds 

1 Average 

60 seedlings 

Average 

j 60 seedliBgb 1 Average 

Kadlsh 

0-026 

0 020 

0 023 

0-026 

0 028 1 0 028 


0-024 


0 037 


0 027 

Rice 

0 007 

1 0 007 

0 008 

0-008 

0 007 ' 0-007 


0-007 


0 008 


0 007 1 

Wheat 

0-040 

0 O';! 

0 048 

0 04S 

0-044 ' 0-040 


O-OOS 


0-048 


0-036 


0-020 

0 OlH 

0 020 

0 010 

0 018 0 018 


0-017 


0-018 


0-010 1 

Pea* 

0 107 

0 186 

0-184 

0 184 

0-187 0-182 


0 174 


0-186 

1 

0-177 


* la the case of peas, 2S seeds or seedlings were used 

Summary 


In the presence of growing roots of wheat, radish, rice and jowar in 
Ashby’s cultures, Azotobacter fixed larger amounts of atmospheric nitrogen 
than in their absence. The stimulating effect, however, varied with the 
kind of plant used, wheat exerting the greatest beneficial effect followed 
closely by radish. Rice and jowar were poor in this respect and exerted 
an almost equal degree of stimulation. 

None of the seeds tested possessed any power of fixing elemental nitro- 
gen during germination and the subsequent growth of the seedlings. 
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ADDITIONS TO FUNGI OF MADRAS— II* 

By T S Ramakrishnan and K Ramak-rishnan 

[M\etlog} Section igrt uliural Rrtearch Intlitul Cumbalore) 

Received Maivh 22 1947 

(Communicated bv Rao B ihadur Dr B V Nath ci h d sc f k i r ) 

(4) Puccmia solani-gigantea sp nov 

This rust is found on the leaves of Solanum giqanteum Jacq at Naduvattam, 
Nilgiris Its presence can be recognized by the groups of orange yellow 
son in the midst of the thick white tomentum on the lower surlace of the 
leaves Coircsponding to these, small rusty brown spots arc seen on the 
upper surface of the leaves 

Pycnia are developed towards the upper surf tee They are subepiderraal 
globose, 100 180 fi, and yellowish brown m colour Paraphyses and spores 
are present in the pycnia 

Aeeia are hypophyllous, cup like, formed in groups one to three nulli- 
metres m diameter, each cluster having a variable number of son The 
aeciuni is sunk m the tissue of the leaf and is provided with a distinct peridium 
of one layer of thick walled warty cells (Fig 1 h) The mean size of the 
xcium IS 215 /i wide and 210/t deep (range 200-270 180 225 /t) Aecio- 

spores are formed in chan s from a basal hymennl layer of elongated cells 
as in other species of Puccmia They are spherical or elliptic 17 8 /x 
(12-25 /x) in diameter, very lightly coloured The spore wall is hyaline with 
a hnely warty surface 

Telia are hypophyllous and are formed mixed with the xcia as hard- 
nmmed, brown circular, open cups, 222 x 202 /x (190 2S0x 180-2ISfx) in 
diameter and depth respectively There is no distinct peridium as in the 
xcium, but the cup has a lining of two to three layers of small fungal cells 
Tcliosporcs arc produced from the bottom of the cup (Fig 1 c) on long 
hyalme pedicels which get easily separated from the spores Teliospores 
are two-celled subsphencal, rounded at the ends, slightly constneted in 
the middle, deep golden brown in colour and measure 37 9 x 24 8 /x 

* The Tini paper m this senes appeared in Proceeding! of the Indian Academy of Saeneei 
Section B Vol XXV No I In this and succeeding papers it is proposed to describe the 
new fungi collected from various parts of the Presideoc> New records of fungi will alio find 
a place in these papers 
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(28 52 20 28 /i) Tho will is smooth md unif irmly thiik ‘•on of thi. 

spores exhibit ibnornulitics hiving three ti four e lls b\ the formation 
ol vertiLil oi oblique cross walls in each cell (Pig 1 ) 



( ) Telium of P tolanl giganler ( 160) 

Identity of the rMsr— Several rusts have been described on Solanwn 
Most of these are from the Americas or West Indies Puccinia wlann- 
cearum Sacc et Syd has been recorded from the Sutlei villey in In hi Thi 
produces 0, 1 and III stages on So'anwn sp bat unlike li rust und r dis 
cussion the telia are formed only on the stem causing inillorm itions 


l‘'U 1. b. kamalcrisKnan and K RamalcnsKnan 

P araucana Diet et Neg forms I and I [I and even here the tclia are formed 
only on the stem P adducta Arth has been recorded by Arthur (1918) 
on 5 ratemoswn as having 0, II and III but not <ccia P tuhulosa Arth 
{Aecidium tubuloswn Pat ct Gailt) h is been observed in India on S melongena 
but the teUal stage is lound to develop on Pa^paluin sp The other species 
of PiicLinia on Solcuium have been known to form only tclia S giganteunt 
has not been known to be infected by Piucinia till now The peculiar cup- 
like telia are also characteristic and unlike tho>c of other species on Solarium 
Therefore it is concluded that this lust is different and is named P solani- 
gigantcoe Dr G R Bisby to whom the specimens and the diagnosis were 
kindly forwarded by Dr B B Mundkur, is also of the opinion that this 
is an unrecorded species of Puuinia 

Puccima solani-gigantea sp nov —Pycnia epiphyllous, subepidermal, 
globoid, veaa in clusters, hypophyllous, cup-shaped 210 215^ with a 

distinct peridium of thick-walled warty cells, (eno\porei m chains, spherical 
or elliptical, 17 8/* (12-25 /«.), teha hypophyllous mixed with the scia, 
cup-shaped 220 X 202 telmpores 2-cellcd, deep golden brown, subspherical, 
smooth, 37 9 X 24 8 /i (28 52 > 20 28) stalked, stalks long hyaline, 
deciduous 

On living leaves of Solanum gigantewn Jacq Naduvattam (Nilgiris) 
15-3-1946, Coll C L Subramaman and K Ramakrishnan (Type) Type 
specimen deposited in the herbarium of the Government Mycologist, 
Coimbatore, and Herb Crypt Ind Orient, New Delhi 

Puccima solam-gigantea sp nov —Pycnia epiphylla, subcpidcrmia, 
globosa, acia aggregata, hypophylla, cupulata, 210 x 2\Sp., pendio 
distincto cellarum crasso-muratarum , aecio-^poridia catenulala globosa 
vel elliptica 17 H p (12-25 /*) Pelia hypophylla aeciis mixta, cupulata 
220 X 202/*, telmporuiia duo-cellata, aurati intense brunnei colorcs, sub- 
globosa, laevia, 37 9 < 24 8/* (28-52 x 20-28/*), pcdicellata, pedicelli 
longi, hyalini, decidui 

In vivis foliis Solani gigantea Naduvattam (Nilgiris), IS 111 1946, 
Leg C L Subramaman and et K Ramakrishnan Typi specimina deposita 
in Herbario Government Mycologist Coimbatore et Herb Crypt Ind 
Orient, New Delhi 

(5) Entyloina bidentis P Henn 

Saccardo-Syll Fung XIV, 495, 1888 

On living leaves of Bideiiv pilosa L Coimbatore and Kallar (Coim- 
batore District) October 1946 (K. Ramakrishnan) 
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In October 1946, this smut was noticed in an cpiphytotic form on the 
leaves of Bidem pilosa, a weed, in Coimbatore and Kallar The lower leaves 
were first affected and later the infection spread to the upper also Amphi- 
genous, whitish to yellow, circular spots develop on the leaves The spots 
are small in the initial stages but enlarge later becoming 0 5 to 1 cm in 
diameter. They are isolated or sometimes coalesccnt The upper surface 
of the spot becomes convex and the lojver surface c ir.espo'iJmgly concave. 
The colour deepens to yellow on the upper suiface and linally tuin^ brown 



Fill 2 (a) Section or leaf showing smut spores anti conidia ol /J A/cttf/ilrf (h)ionidia( 100) 

The conidia of the smut are produced when the spots have attained 
their full size. These are formed on both sides of the spot, but first appear 
on the lower surface, producing a white-dotted appearance which may 
deepen into greenish yellow with age The conidia are fusiform or filiform, 
hyaline, straight or bent, with one to three septa. The conidiophorcs 
emerge through the stomata in fasciculate masses and bear the conidia at 
their apices. The conidia measure 7 8x 1 3/* (6-10 ^ l-2)x). The 
conidial fructification is like EntyhmeUa V Hohii (Ciferri, 1928) 

Inoculations were earned out on healthy plants of Bidens pilosa with 
these conidia. A suspension of the conidia was made in sterilised distilled 
water and this was brushed over the surface of the leaves after which the 
plants were kept covered with a bell-jar for 48 hours On the fifth day 
small white spots developed on the inoculated loaves. These enlarged and 
in the course of fifteen days reached their maximum diameter The colour 
of the spots deepened and brown streaks became evident in twenty days 
At this stage conidial formation had commenced on the lower surface of 
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the spotii and the smut spores also had dcvLlopcd within the leaf Thus 
the relationship between the eonidia iiid the smut was established 

The smut spores are >pherieil ellipsoidal or angular and measure on 
an aserage 15 Up. (i I 22 S I6/i) The epispore is smooth but some- 
times a small hyaline appendage may be seen projeetmg from one angle 
This 15 only the remn mt ot a hyphi The spores develop intercell ularly in 
the palisade tissue lormini? chains, but in the spongy tissue of the inesophyll 
the spoies are grouped togethei lesulting in the displacement of the cells 
Conidia ha\e been ob erved in a number of species of Fiityloina, but 
they have not been described in the case of t bidtntis 

Saeeardo has listed / huUntis P Hcnn as occurring on Biden^ pilosa 
in East Africa The measurements of this smut as given by Saeeardo arc 
10-15 X 9 14p. with an epispore 1 l^/t thick L ^iiaianittcum Speg has 
also been leeordcd on Bidem pilosa by Cifcrri (1928) But the spores of 
this smut as described by Clinton (1904) arc hyaline to light yellow with 
a prominent gelatmous envelope The spores of the smut now recorded 
are brown and do not possess a gelatinous envelope Owing to the differ- 
ence in colour and the absence ot the gelatinous envelope it is identified as 
E bulentis P Henn 

(6) Entyloma dahlia Syd 

Sydow, H and P Ann Mycol Berlin, X, 36, 1912 

Cifern, R dc Ibid, XXVI. 56, 1928 

Mundkur, B B Frans Bnt Mycol Soc , XXIV, 332, 1940 

On leaves of Dahlia variahlis Desf (garden variety), Ootacamund, 
Nilgiris, 30-9-1946 (T S Ramakrishnan) 



Fn 1 Section of Djhiia leif showing conidia of E dahlia ( x 300) 

Ihis smut is prevalent all over the upper elevations of the Nilgiris 
Mundkur has stated that eomdia weie not found, nor has Sydow included 
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them in his original description In the specimen collected from Ootaca- 
mund tonidid were observed in Iiitt- numbeis Ih se were filiform 
hyaline, straight or bent They weie produced on eonidiophoics in fascicles 
emerging through the stomata on the upper sulfac^, (Fig 1) The spots on 
which the conidu are formed exhibit a white ropy, reticulate appearance 
on the surface 


(7) Mefanotamum brachiance Viegis 

Syn TohposporeUa brathiarta Mun(\kur dnd 1 hirumalachir, Mycolo- 
gical Papers, No 16, Imp Myc Ins! , I undon p '> 1946 

This smut has been observed in difTercnt parts of the Coimbatore 
District on the leaves and leaf shcallis of Braclnaiia distadtya (L ) Stipf 
{Panicum distachyum L) 

Viegas has described M Arm /iwrKr on the leives of B plant a^mea from 
Brazil Mundkur and Thiiumalachir have iccoidcd TohpospouUa brmhiarnr 
from Bangalore and New Delhi Di Mun Ikui was kind enough to let us 
have fragments of the type specimens of these two fungi for comparison 
with the specimen collected at Coimbatore There was close agreement 
between the three specimens Microtome sections of the son (Plate XVI» 
Fig b) revealed that the spores occur in groups in the mesophyll tissue 
outside the ring of cells surrounding the vascular bundles The spore 
germinates producing a promycelium from the apex of which a whorl of 
spondia arise (Plate XV 1, Fig a) 

A companson of the type specimens of M biachiana and T bracliiaria 
with the local specimen showed that the external symptoms, the disposition 
of the son and spores and the germination of the spores wcie alike in all 
the three The measurements of the spores were as follows 


I Range of 1 men ■ n' 
of the -.pores in /t 




si/e p 


Af h acktan 
t i/a kiatt le 
I o .il smut 


8-U X a 14 II X 8 1 
8-10 X 7-12 11 X a 0 
R K X 1 II 11 r> X 9 U 


It IS clear from the above that the same fungus is involved in all these 
It has to be decided whether it i> m bntyloma or Melanotanium The 
difTerence between these genera is very slight and rests mainly on the colour 
of the son and the spores A number of species desenb^ originally as 
Entyloma have been transferred to Melanotamum on this basis Following 
this trend it is desirable to include this smut under Melanotamum on account 



184 


r S. RamaLnshnan and k Ramaknshnan 


of the stri»-likc son and dark olive-brown spores Dr Mundkur’s atten- 
tion was drawn to the lad that the smut on B distachya is not a Tolypo- 
sporella but a Mtlanotaimon and he concurred with us in this 

(8) Phylladioiu cymbispora sp nov 

Spots forming yellowish green rings I 2 mm wide surrounding the 
stroma, visible on both sidus of the Ic il isolated or aggregated in groups ol 
2 4 stromnd solitary in each spot, clypeite bl.ick, shining, and raised 
almost equally on both sides of the leal, 0 3-1 5 mm , with one loculus, 
dense black just beneath the epidermal layers, loculus broadly-llask-shaped 
and flattened, ostiolate, 225 396 /i broad and 162 22K/x deep, bounded by 
a cellular bolder, asci thin-wallcd cylindric-spindle-sh iped, narrowed at 
the base, with a small foot, I20> I6/t (102 150x 10 20 5), paraphyses 
present filitorm , aicospon r 8 light olivaceous, cymbilorm, partly disti- 
chous, 30 V 6 6^ (22 38 3 9/u), p\cnia often present by the side of the 

pcnthecia siibepidermal, deeply sunk dark-coloured, 1 23 /i broad and 180 /i 
deep, ostiolate, containing hlitorm, hyaline conidia (Plate XVI, Fig c) 

On living leaves of Euna japomca Thunb , Lovedale (Nilgins) 15-3 ’46 
K Ramaknshnan and C L Subramanian, type Type specimen deposited 
in the Herbarium of the Government Mycologist, Coimbatore and Herb 
Crypt Ind Onent , New Delhi 



He 4 (a) Sett u of penthccium of Phyllachora cymbi^raiA 100) 

(ft) A8ti( 360) ( )Aitosports( 510) 

Phyllachora cymbispora sp nov Macula! formantes annulum flavidem 
viredem 1-2 mm lat , circumdantes stroma, utnmque visibiles, solitarm 
vcl 2-4 aggregate*, stroma unum in quaque macula, clypeatum, nigrum, 
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micans, elevatum fere panter utrimque folii 0 1 I 5 mm lat umloculatum^ 
ostiolatum, stroma valde nigro infra cpidermium, loculus latiusculus, 
lageniformis, et compressus, 225 396/1 lat 162 228 /i dl, cellip limbatus 
asci tenuimumti, cylindracei fusiformes uneustati m basi parvo pede, 
120 X 16/t (102-150 10 20 5) piiaphyses idsunl, hliformes, ascosporidia 

8, lavis olivacci colores, cymbiformes parlum disticha 10 6 6/i 

(22-38 '• 3-9 /i) pycnia saepe adsunt prope pcrilhecia tuscicolores 
123/1 lat el 180 /i alt, ostiolata contineiitia lillurmia conidia liyalma 

In vivis folns Eiir\af iaponii<F Thunb , Lovedalc (Nilgins) Leg 
K Ramakrishnan et C L Subnmaman, typus Typi spccimina deposila in 
Herbano Government Mycologist Coimbatore cl Herb Crypt Ind Orient, 
New Delhi 

Catacauma eur\a (Racib) Thcis et Syd has been recorded on Eurya 
acuminata Dc from Java and PInIhuhora iian\un\ Syd ct Bui on the same 
host from Kumaon India In both these lungi the stromata are hypo- 
phyllous Further the asci and ascosporcs are smiller than those of 
P cymbispora Comparative measurements are given below 


Asci Abcoiperes 


80-00 X 14-16/1 14-10 X 6-3 /« hyiline ova 

60-70 X 10-11 /• 20-22 X 6-7/* hyaline ollong 

102-160 X 10-20/1 I 22-38 X 3 0 /* light olivaceous cymbiform 


It IS manifest that the fungus under study is quite dilferent from those 
mentioned above and is therefore named PhvUaihora tymbispura (denving 
the name from the shape of the spores) 

(9) CoUetotrichum uliatum sp nov 

Spots amphigcnous, isolated, oval 4-9'-' 2-6 mm , or confluent forming 
irregular big patches, brownish grey with darker coloured margins, aieivuli 
minute, numerous black, amphigenous separate, or confluent into linear 
stna, erumpent, stromata of dark brown cells filling the epidermis and 
one or two layers of subepidcrmal cells erumpent, set<B numerous, 
86-135 X 5-10 /X, blackish brown, pointed 2-3 septate, comdia hyaline, 
unicellular, falcate, 29x 4 7/* (19-25 3-5 /x), with one terminal cilium, 

5-19 /X long 

On hvmg leaves of Cymbopogon polyneuros Stapf Nanjanad (Nilgins) 
29-9-1946 (T S, Ramakrishnan) Type 


/ liansirm 
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f-Ki ^ (o) ‘eclion ihiough in cer\ ulus of C W/w/z/w ( 240) (^) f onid 7 ( S|0) 

(e) Germin King conid i( SIO) 


CoUetotrichum (ilianini nov-Macuic amphigcnut solitana:, 
ovales, 4-9 X 2 6 mm , vel tonflucntes, formant, magna irrcgulana, panna, 
brunncola, margmus fusciores, acervuli mmutissiini, numerosi, fusci, 
amphigeni, solitanx, vel conduentus cum liman slnis, cniinpentis, stromata 
fuscarum brunnearum, tellarum, implentia, epidcrmidiim ct unum vcl duo 
strata cellarum subepidermidum, erumpentia, sets numeroste, 86 135 
X S-10/i, fusci brunnci colorcs, aculeatic, 2 3 septate, comdia hyalma, 
unicellana, falcata, 29 4 7 /t (19 25 x 3 5/t) cum uno cilio terminali 

In vivis foliis Cymbopogon pohneuros Stapf Nanjanad (Nilgiris) 
29-9 1946, I eg T S Ramakrishnan typus 

This species i. unique in havinc i cilium at the apex of the conidium 
It IS in the form of a sharp process and is either straight or curved The 
cilium IS developed as the spore matures and is not evident in the earlier 
stages of spore development The germination ot the conidium is as in 
other species of CoUetotrichum One or more germ tubes are produced 
by the conidium and appicssona develop on these A septum is seen in 
some of the germimtmg spores The cilium is not shed during germination 
nor does a germ tube develop from it The acervuli are first seen on the 
upptr surface of the spots They irc formed on the lower surface only 
in the later stages The infected lca\c soon dry up owing to the formation 
of large lesions On these dry leaves acervuli may be seen all over the 
surface 

The characteristics of the fungus show, that it is a CoUetotrichum But 
the comdia are ciliate— a feature not noticed m the genus However the 
resemblance to CoUetotrichum is so close that it is thought fit to include 


T. S. Ramakrtshnan Ptoc. Ind. Acad Sti , B, vol. XXV, PL XVI 
and K. Ramakrtshnan 



(u) (irmiinatiiiK ^porLs tif lii» I iium I i fiiin ( 600) 

(b) SllIioii throUKh ihL surus nt 1/ / iii t rniii lu bi it In ii i (X600) 

(e) StLlit n through the pjLiiidiuni of / ; i 1 1 iiif ir/i )ru ( X 4 ?J) 
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It in that genus, but as a new species C graininicolum (Ccs ) Wils has 
been observed on Lymbopogon sp but the conidi i of this species are not 
dilate Therefore the present fungus is named C cihatum 
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TWO SPECIES OF UNDESCRIBED LAMPYRID 
LARViS FROM S INDIA 
By J Samufl Raj M A 

{Lecturer in Zoology Madras Christian Colleife Tanbarani) 

Received April 16 1947 

(Communicated by Prof SOM Ramanuj im f a st ) 

lituola trivandtensts sp n (Larva Trivandrum, 1942) 

(Figs 1 and 2) 

Thi- following notes are based on three hitherto unrecorded larvie 

/ enuth 1 5 mm -20 mm 

Locabty — Trivandrum 

Gineral colouration — Dirty yellow 

Body IS strongly depressed and dorsal plates arc flat with a medun 
whitish longitudinal sulcus 

Head is completely retractile into the thorax, about twice longer than 
broad, sides parallel, frontal sutures thickened into long ridges running 
parallel to each other up to the precoilar knobs, and metopic suture short 
and open Antennae are 3 jointed, with the basal joint very long, proxi- 
mally membranous, middle joint slender, and apical joint minute with a 
sensory cone Side by side with the apical joint is a sense papilla (Fig 2 
s p ), which IS remarkable in being as long as the apical joint itself The 
antenna of the present larva differs from that of L gorhami (i) m having 
the membranous proximal part of the basal joint very extensive, (ii) in the 
basal joint lacking the basal sclerotisation, and (iii) in the apical sensory 
papilla being as long as the apical joint Mandibles arc falcate and canali- 
culate, the molar surface bearing the characteristic haiiy fringe which is 
not so dense as in L gorhami The retinaculum which is subacute in 
L gorhami is entirely wanting in the present species The labiomaxillary 
plate does not show any striking difference 

Pronotum is longer than wide, anteriorly nan owed and slightly notched 
in front Posterior margin is almost straight but with 2 pairs of posteriorly 
directed protuberances, the posterolateral pair being more rounded than 
the inner subdorsal pair The inner pair of processes are continued ante- 
riorly to a short distance as a pair of feeble carinse Mesonotum and 
188 
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Fo 1 Fio 2 

Fios 1-2 Fig I luel la tn andren3is(]»nt)—\ead an antLima /" v rranlal sului 
nund bular ca a\ m p maxillary pilpus oc ocell s Pig L mvandren t— antenn 
I '’3 bisal mid 11c and apical joints t/ eiuepiplla 

metanotum are broader than lon^ with both purs of processes and the 
subdorsal carina; Abdominal terga I 7 irt ill broader than long and 
have the two pairs of posterior processe-v The subdoisal ciniiifi form two 
parallel lines on the back of the larva The eighth abdominal plate is 
suoquadrate and without the middle pair of posterior processes but the 
posterior margin is widely emarginate The ninth plate is very narrow and 
always bent under the eighth 
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The three hrve coUu:led could not be reared n the adult as they 
died soon They were collected from a marshy locality in Trivandrum 
S Travancore in April 1942 I phec these larve provisionally under 
the genus Luenia bccau c of their striking similarity to other described 
species of the genus in the occurrence of the posterior prominences but 
as It ts impossible to get at the most probable species lut of 31 recorded 
Indiin species ( Lu lola I an driven to describe these lirvc provisionally 
as species novs for purposes if description 

II 


(’) P\rophanev ndiia Mot 
digs 3 S) 



Flo 3 

Fig 1 (7) Pyropkanei nth a Mou (larvie) — Median plate of head capiuie 
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Flo 4 Fio 5 

Fig 4 f i dua antenna (a) o ellus (b) head capj>uk Fg 5 mdca- Mu Ha 

(ventral view) (a) galea (A) palpus (c) st pes (d) alabardo (e) bubta do 

Length — 6 mm 17 mm 

Locality — Tambaram 

Colour — Black with castancous patches 

Head is chestnut brown with blackish shades Epicranial suture is open 
throughout the frontal sutures running up to free margin of the head capsule 
which IS thus divided into a median frontoclypeus and lateral parietals 
Metopic suture is constricted at the middle Frontoclypeus is roughly 
triangular with the base placed in front of the paiietals It is deeply suiuate 
anteromedially and thickened laterally forming an anterolateral precoila 
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for mandihular iirticuldlion Anteriorly thepirieldl gives oft on tlic ventral 
side the mandibular apophyses which carry the icetabula for articulation 
with the condylar postartis of mandible The hypostomal ridges possess 
a broad thickening near the middle Ocelli are borne on open ockets 
Antenna is 3-jointcd, basal joint with a distal chitmous ring the middle 
loint completely chitinised and terminal joint minute with 4 or 5 set«B This 
larva resembles L gorhanv Rits in its 3-jointed antenna, but difters from it 
in the absence of the basal sclcrotisation and subglobular sensory papilla 
In L tenebrosus Wlk antenna is 2-jointcd, the basal with very feeble chiti- 
nisation and apical with two sensory papill<e 

The buccopharyngeal apparatus includes the labrum, hypopharynx and 
pharynx Labrum is semiracmbranous with its free margin dorsally visible 
and folded beneath to be attached dorsal to the base of hypopharynx It 
consists of two pilose lobes separated by a notch and is strengthened by a 
minute central sclerite Hypopharynx is a thin transverse membranous lobe 
lying in front of the pharynx close to the base ot the mandibles It is tn- 
lobed, the median lobe being suppressed and lateral lobes setose The 
hypopharyngeal bracons are a pair of transverse chitmous bars united m 
the middle and attached to the hypostomal ridge close to the mandibular 
apophyses Pharynx as usual presents two parts Mandibles are lalcatc, 
canaliculate, basally dilated and setose and with a long seta just behind the 
external opening of the mandibular canal It differs from L gorhami Rits 
and Diaphancs sp in the absence of a sharp retinaculum 

At the base of the labiomaxillary plate is the transverse gular plate 
Cardo is divided into a proximal narrow curved thick subtanio and a distal 
broad thin alacardo which is attached to the massive stipes Stipes bears 
three long ventral setae, two near the anterior border and one near the middle 
Maxillary palpus tapers distally and is 4-jointcd, basal stout with few long 
set*, second transverse, third very narrow, and fourth conical In 
L tenebrosus Wlk the maxillary palpus is 3-jointed The galea is 2-jointed, 
basal long and cylindrical with one or more long setae and distal with one 
long apical seta besides a few short seUe Lacinia is in the form ot a dorsal 
densely setose cutting edge Postlabial sclerite is long and deeply forked 
behind and carries two long symmetrically placed setae Each lobe of the 
bifid prelabium is provided ventrally with a pair of setae, outer one being 
longer than the inner Dorsally there is a pair of brush-like hairy growths 
which represent the paragloss* Labial palpus is 2-jointed 

Thorax — The ventral thoracic sclerites are ill-defined On cither side 
of the rudimentary prosternum is a slender obliquely placed cervical sclerite 
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which gives off two long processes Trochanter is undivided Tcrgitcs 
are deeply arched without a mid dorsal suIlus and very slightly cleft anteio 
medially Pronotum carries two castaneous Tascif Mesonotum and 
metanotum are black with a castaneous central area 

Abdomen — Dorsally there are nine distinct tcrgitcs c uh with a pair 
of lateral lobes and anterolateral notches which ire winting or ill defined 
in the first and last tergites Ail the tergites possess a median castaneous 
area The lateral lobes also carry a simiUrly coloured area which in the 
first tergite is not clearly visible and in tcrgitcs 7 8 and 9 it occupies almost 
the whole surface of the lobe Ninth tergite cirrus posteriorly a single 
marginal row of from 10 16 stiff setae Abdominal tergites 2 8 have each 
a pair of conspicuous perforations,* the nature and functions of which 
are obscure Each pleunte is elongate and lorked behind the doisal or 
outer process of which being shorter than the setose ventral or inner piocess 
The spiracle lies in the fork In some larger specimens a second row of 
very minute pleuntes are observed to he between the slernites and spiracular 
pleuritcs Sternites 2 6 arc widely cmargmate laterally and anteriorly, the 
anterolateral and posterolateral angles being produced Slernites 7 9 are 
paler and less emarginate laterally Ninth sternite carries four groups ot 
seUe Lying posterior to the ninth is an incomplete chilinous ring support- 
ing the anal brush Photogenic organs are paired and placed on the seventh 
abdominal segment The pale green light is seen dorsally also through the 
pale lobes of the corresponding tergite The anal brush consists of a circlet 
of creamy white retractile filaments, arranged in lour bundles with tour 
primary filaments in each bundle bach filament is bifurcate and clothed 
with several minute recurved hooks 

Internal Anatomy— The narrow asophagus opens into the gizzard 
which leads into a long convoluted mid gut The four Malpighian tubules 
form a coiled mass A pair of connectives run from the brain to the sub- 
cesophageal ganglion which is more or less triangular It is followed by 
three globular and equidistantly placed thoracic ganglia Abdominal 
ganglia are eight The metathoracic and first abdominal ganglia are not 
very much approximated The last two ganglia arc slightly approximated 

The special features of interest in the anatomy of the present larva are 
the open ocular fossa, divided cardo complete division of the head-capsule, 
absence of mid-dorsal sulcus deeply aiched tergites presence of marginal 
row of seta in ninth abdominal tergite and the presence of lateral perfora- 
tions in abdominal tergites 2-8 

* TbeM perforatiom are aotired in the livmg Urvd as minute creamy white bpecki 
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This species is fairly abundant in certain months of the year especially 
in September and October. The larvx were first collected by me in Sep- 
tember 1941 from Tambaram. They were reared several times within the 
laboratory but most of them moulted once and then died. They were first 
mistaken for the very early stages of L lenchrosus Wlk which are also 
available in the same locality A detailed study of its morphology has 
revealed it to be entirely different from all the other lampyrid larva: described 
so far Most probably it is related to Luaola and belongs to the sub-family 
Luciolini. The only other Indian lampyrid genus of this sub-family is 
Pyrophanes, “ the early stages of which appear to be quite unknown ” (Blair, 
1927). The only Indian species of this genus described is P. uuhea Mots 
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THE LIFE-HISTORY OF PUCCINIA RUELLIAE 
(B & Br) ON RUELLIA PROSTRATA POIR. 
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(Commiiucated by Dr T S Sadauvao, msc, pho, fasc) 

Sydow (1904) has recorded five species of Puccinia on the genu» Ruellia 
He divided these into two groups one having verrucose-walled teliospores 
and the other smooth walled Coming under the former arc P longiana 
on R tuberosa, P latenpes (Berk and Rav) on R ciliosa P ruellue- 
bourgai (D and H ) on R bourgcei and P ruellia on R strepens and 
R prostrata P paranahyba which has smooth-walled teliospores is recorded 
on R longifolia The rust on R prostrata was from Ceylon while the others 
were from the Americas Butler and Bisby (1931) have mentioned the 
occurrence of P lateripes on Ruellia spp at Pusa (Bihar) and P ruellia on 
R longifolia (at Cawnpore) and R pro trata m various parts of India Arthur 
(1934) has given six species of Ruellia serving as hosts for P ruellia m the 
USA Further he has reduced P lateripes and P ruellia-bourgai to the 
status of synonyms of P ruellia This appears to be the correct view as there 
are no significant differences between the different species belonging to the 
group possessing verrucose teliospores 

Kellerman (1903) conducted successful mfection experiments with 
P lateripes on R strepens Arthur (1906) was able to produce mfection 
on R ciliosa and R strepens with teliospores of P lateripes P ruellia 
is very common on R prostrata in and around Coimbatore in, South India 
It IS a macro-cyclic and autoecious rust, all the stages being formed on the 
same host in the course of one and the same season The succession of 
the different spore forms and their methods of development were closely 
studied Advantage was taken of the occurrence of all the spore forms to 
follow the sequence in the development of the different stages by inocula- 
tion experunents The present studies were carried out on R prostrata 
and the results are recorded m this communication 

R prostrata is a common perennial weed m South India which persists 
throughout the year m shady situitions, but the rust is in evidence at 
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Coimbatore mainly from August to March of the succeeding year During 
the south west monsoon in July and August the weed puts on fresh growth 
The uredio and telial stages are seen m profusion at the beginning of this 
period The lower leaves of the plant are the first to be infected These 
son are usually not found on the youngest leaves 

Uredia — ^These are amphigenous and brown in colour The sorus 
develops sub^pidermally Later the epidermis is lifted up and finally 
ruptured The hyphae of the fungus are intercellular, sending prominent 
twisted haustona into the host cells The uredial pnmordium forms below 
the epidermis and from this the urediospores are produced These spores 
are stipitate, spherical to sub-globose, echinulate and yellowish brown in 
colour Two equatorial germ pores are seen Two nuclei are distinctly 
visible The spores measure 22 x 23 




Fk 1 Young uredioipores ( x 300) Fio 2 TeliospoRS ( X 250) 

Telia— Soon after the formation of uredia, teha are formed often 
associated with uredia Teliospores may develop either in uredioson 
mixed with urediospores or m separate son These are amphigenous, 
confined to the leaf-blades but more numerous than the uredioson and scat- 
tered all over the surface They are dark chestnut brown, surrounded by 
the whitish flakes of the ruptured epidermal tissue The development of the 
telia IS sub-epidermal as in the uredia Teliospores are pedicellate, the 
pedicel being hyaline and attached to the spore variously i e , to the base 
or obliquely to the side The pedicel breaks easily leaving a portion of 
varymg length persistently attached to the spore Teliospores are two- 
celled chestnut brown, thick-walled, verrucose, sub-globosc with rounded 
ends, shghtly constncted at the septum and with one germ pore in each cell. 
The germ pore of the apical cell is at the top while m the lower cell it u 
placed variously The spores measure 24x 36/i 

Teliospores gcnmnatc readily without a penod of rest As a matter 
of fact, fresh spores collected m August, November and December exhibited 
a higher percentage of germination than those from specimens collected m 
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March Maneval (1922) found that the time required for the germination 
of teliospores varied with the period in which germination tests were made 
It IS less than two days in May, less than eight days m December, but over 
eighty days in September under conditions prevailing in Columbia Under 
Coimbatore conditions, germination is evident in 12 to 24 hours when fresh 
spores are floated on drops of water on slides and kept inside a moist chamber 
Germmation was visible in hanging drops also in the spores which floated 
near the margin of the drops, while those which were immersed in water 
did not germinate This indicates the necessity for aeration for teliospore 
germination The promycelium emerges out through the germ pore It is 
stout, hyaline and four-celled, the septa developing in the upper half of the 
promycelium From each cell a sterigma is developed and on this an oval 
or round hyaline basidiospore is formed Basidiospores commence germi- 
nation even while they are attached to the basidium 
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Fk) 3 (a) OeiminaUng teliospore showing the germination of basidiospcres ( xlOO) 

(b) Oerminating teliospore ( a. 100) 

Experiments and Observations 

Inoculations were made on healthy seedlings of Ruellta proitrata spe- 
cially raised for the purpose and free from rust Fresh teliospores were 
removed from son and placed on drops of distilled water on the leaves or 
a suspension of fresh teliospores m stenhzed water was brushed with a 
sterile camel-hair brush over the surface of the leaves, petiole and stem 
The pots con taining the seedhngs were kept covered over with bell-jars to 
provide favourable conditions for infection and to prevent natural infection 
Suitable control plants were also kept under similar conditions Ten to 
twelve days after moculation, groups of pycnia were evident on the mocu- 
lated leaves, petioles and stem Younger leaves, petioles and stems were 
readily infected, while mature lower leaves or older portions of the stem 
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failed to take infection This is explained by the fact that basidiospores 
are able to penetrate only younger tissues as the entry is effected by piercing 
the epidermal cell wall On the leaf blades circular swollen areas develop 
which are convex either towards the upper or lower surface with a corres- 
ponding depression on the opposite side The areas become studded with 
very minute red or yellowish brown pycnia on both sides Pycnia are 
formed in abundance on the portions of the petioles and stem whieh are 
swollen as a result of hypertrophy They arc globose or oval sub-epidermal, 
paraphysate and measure on an average IlOx 190/i The paraphyses and 
the spore stalks arc clong-itcd uninucleate ind light orange in colour From 
the apex of each conidiophorc oval to oblong pycniospores (4 5x 6 0/*) 
are formed These arc hyilme or light pink in miss and float in the nectar 
which collects at the mouth of the pycnium The paraphyses arc promi- 
nent and project out of the ostiole Aecia develop in the midst of groups 
o pycnia found on the leal veins petioles and swollen portions of the stem 
The secia are not formed on the mterveinal portions of the leaf-blade though 
pycmal groups are present in these areas The infected portions become 
swollen due to the hypertrophy of the tissues In the leaf, the palisade 
cells of the mesophyll become enlarged In the petiole and the stem the 
cortical cells are very much enlarged m the infected portions and contri- 
bute to the formation of the swellings In severe cases of infection, clusters 
of branches like ‘witches broom develop from the nodes and numerous 
a;eia are studded on the stem of these abnormal branches (Plate I, r) 
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Pki 4 (a) Pycsiospores ( y ISO) (b) SetXion of a portion of a young xauffl 
(X 300) (c) Germtnjting seciospore (x 130) 

i4ecia —These are cupulate with a nearly cyhndrical more or less white 
pendium with jagged edges, which soon become recurved The aeciospores 
in mass are coloured deep brown They are elhptic to irregular and 
thick-walled, the thickemng being more pronounced at the apex and base. 



Ltfe-Htstory of P. ruellie {B Qr Bf) on R prostrata Potr 5 

prominently vemicose and measure 22x iOfi One conspicuous germ- 
pore IS present 

The primordium of the scium is first composed of a plectenchymatous 
mass of hyphs formed three or more cell layers below the epidermis and 
which force the host cells apart The host cells separate and in the resulting 
space the ^ecium develops Its development is similar to what is observed 
in many of the cupulate xcia The binuclcate nature of the cells is evident 
in the basal cells of the hymcnium and also in many of the hyphil cells 
found much below the hymenium (see Fig 4 b) The pendium is made up 
of one layer of cells which forms a continuous envelop, extending from 
the sides and arching over the young lecium Liter the host tissue is 
pushed up and eventually ruptured exposing the ccium and the eciospores. 
The eciospores are developed from the basal cells in chains The .ecio- 
spores alternate with intercalary cells which shrivel and disintegrate, thus 
facilitating the dismemberment of the leciospores from the chains 
Aeciospores are capable of immediate germination One germ tube is 
produced from each spore which grows out through the germ pore Via- 
bility of the zeciosporcs is gradually lost with age Fresh Ecciospores 
germinate in twelve hours but aeciospores from specimens which had been 
kept between drying sheets and stored in envelopes at laboratory tempe- 
rature (26-28'’ C ) for three months did not exhibit .iny signs of germination 
even after two days under optimum conditions In December, suspensions 
of fresh seciospores were brushed on the surface of leaves of healthy Ruellia 
seedlings and these were covered over with bell-jars to provide humid 
conditions In fifteen to twenty-two days uredia developed on the inoculated 
leaves Unlike the pycnia produced from basidiospores, the urediosori 
were formed only on the older lower leaves and failed to infect younger 
leaves at the apices of the shoot The entry of germ tubc'^ from iccio- 
spores being through the stomata, the older leaves arc readily infected In 
the course of another week, telioson were also observed on the same leaf 
The control plants were free from infection 

The above studies have shown that P rueUia is a macro-cyclic, autoe- 
cious eu-form of rust exhibiting 0, I, IF, and Til stages Starting with the 
teliospore the life-history has been followed up through all the other stages 
During these studies it was found that during one season this rust can com- 
plete two or more cycles on this host 

Summary 

The life-history of Puccmia ruellue on Ruellia prostrata was studied by 
inoculation expenments It is a macro-cyclic and autoccious rust, all the 
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stages being formed on the same host in one and the same season The 
succession of the different spore forms and their method of development 
were closely studied Advantage was taken of the occurrence of all the spore 
forms to follow the sequence in the development of the different 
stages by moculalion expenments 
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ADDITIONS TO FUNGI OF MADRAS— III* 

By T S Ramakrishnan and K Ramakrishnan 

(.Mycology Seilton, Agrtculturat Research Institule Coimbatore) 

Received May 26 1947 

(CoimDum JteJ by Dr T S Sadaaivan msc pho, fasc) 

(10) Ph}salospora pterolohii Ramakrishnan, T S and K sp nov 

Spots circular isolated epiphyllous, yellowish green with black 
centre, penthecm one to four in a spot, immersed m the tissue, deep- 
seated, globose ostiolate, 290 x 266 (259-335 x 222-31 5 /i), pendium of 
two to three layers of dark brown cells, thicker at the apex near the ostiole, 
asci cyUndric-elongate, 107x 14/* (85-136X 9-19#i), produced from the 
base and the sides, 8-spored, ascovpores oblong, one-celled, hyaline, um- 
seriate, 13y 5/* (ll-18x 4-7/*), paraphysate, filiform , pycnuba 

immersed in the tissue, associated with the perithecia, globose, contaimng 
mmute, hyaline, rod-shaped, spores The pycnidium resembles a sperma- 
gomum 

On hvmg leaves of Pterolohium mdicum A Rich , Kallar (Coimbatore 
distnct) 9-X-1946. T S Ramakrishnan 

MacultB orbiculares, epiphylls, perithecia 1-4 per maculam, sub- 
epidermia, globosa, ostiolata, paraphysata, paraphyses hliformes, asci 
elongati-cylindria, 107-14 /*, octosponati, ascosporidia oblongata um- 
cellata, hyalina, unisenata, 13 x 5p, pycnidia subepidermia, globosa, prope 
perithecia, pycmdiosporidia mmuta, hyalina, baculoformia 

In vivis foliis Pterolobi indici A Rich , Kallar (Coimbatore) 9-X-1946, 
T. S Ramakrishnan 

The leaf is thickened at the region of infection due to the enlargement 
of the mesophyll cells 


* Fait I of thu senes was published m The Proceedingt of the Indian Academy of 
Sciences, January 1947, 25 No 1 

Part II m the same Journal, June 1947, 25, No 6 

The type specimens hive been depouted in the Herbarium of (he Ooveminent Mycologist, 
Coimbatore, and Herb Crypt Ind Oncnt , New Delhi 
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(I I) Physalospora heterostemma Ramakrishnan, T S. and K.., sp. nov. 

Perithecia epiphyllous, gregarious, groups scattered, 4-10 or more m 
each group, innate, extending up to the spongy parenchyma, erumpent, dark- 
brown to sepia, ostiolate, pendium of two to three layers of thick-walled 
dark-brown, polygonal cells, 178x 170/i (155-203x 150-185/i), para- 
physate, paraphyses linear and septate, am clavate, hyaline, 8-sporcd 
74 X 13^ (64-93 X 7-15/*); avospores irregularly uniseriate, one-celled 
oblong, hyaline, 15 x 7/* (1 1-19 x 6-9/*); pvcmclia of two kinds, occurring 
near the pentheaa; one type of pycnidium immersed, globose. 111 x III p 
ostiolate, with a dark brown, two to three layered pendium ; pycnidiospores 
oval, hyaline, one-celled, and resemble those of Macrophonta; second type 
of pycnidium also globose, immersed, in the tissue, producing large numbers 
of minute, hyaline, rod-shaped pycnidiosporcs This structure resembles 
a spermagonium (Plate II, c). 



Text-Fio. I. Pycaidium {hfacrophoma sia^e) x 400 

On living leaves of Heterostemma tanjorense W. and A., Kallar (Coim- 
batore district), 9-X-1946, T. S. Ramakrishnan and K. Ramakrishnan. 

Perithecia epiphylla, gregana, subepidermia, erumpentia, ostiolata, 
I78x 170/*; asci clavati, hyaiini, 74x 13/*, octosponati; ascosporidla, 
irregulariter uniseriatea, oblongata, hyalina, 15 x 7/*; paraphyses adsunt 
mums asa gelatinous in aquse; 2 genera pycnidium, 1) immersa, globosa, 
pycniosporidia hyalina. ovalia umcellata, 2) globosa, pycniosporidia mmuta, 
hyalina, baculo-formia. 

In vivis foliis Heterostemma tanjorensis W. and A., Kallar (Coimbatore 
district) 9-X-1946, T. S. Ramakri^inan et K. Ramakrishnan. 

The asd start from the base of the perithecium and when mounted 
in water exhibit intense gelatinisation of the wall and consequently a clear 
translucent area is seen between the spore and the outer wall of the ascus. 
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Additions to Fungi of Madras— III 
(12) Kernia lauricola Thirumalachar 

This was collected on two hosts belonging to the LuMtdntxx-Phahe 
paniculata Nees and P Wightii Mcissn . from several places m the Nilgins 
(Ootacamund Coonoor and Maduvattain) Only the telial stage was 
available The telia are columnar and are produced in a circle from the 
margins of small circular swellings on the lower surface of the leaves 
(Plate a) Six to twelve such columns are produced in each ring The 
telium takes its origin from a hycr of tong paralltlly arranged hymenial cells 
at the bottom of a cup-like depression The teliospores are stipitate Iwo- 
celled with long stalks The columnar structure is produced by the plaiting 
together of the stalks of the rcitised teliospores The teliospores measure 
3Sx 22 /e (26-42 X 16 28 /i) The two cells of the teliospores are almost 
equal in length They are deep chestnut brown m colour and have smooth 
walls There is a constriction between the two cells This rust closely 
resembles the species recorded by Thirumalachar (1946) on Litsea sp 



Text Fio 2 Telia of K lauricola x 100 
(13) Cercospora adina Ramakrishnan, T S and K , sp nov 

Spots hypophyllous, without any definite outline, forming irregular 
often confluent ochraceous-orange pitches, involving much of the leaf 
surface, mycelium interndl septate, comdiphores hypophyllous, densely 
tufted, emerging through the slomata branched or unbranebed, filled with 
deep orange contents and repeatedly gemculate at the apices, conuha 
elongate, broad below the middle, and tapermg towards the apex, base 
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flattened, apex rounded, straight or curved, 3-7 septate, 54-84 x 4-7 p, 
contents hyaline to orange. 


On l^ing leaves of Adina cordifolia Hook , Walayar (Malabar district) 
31-XII-1^6, T. S. Ramakrishnan^and K Ramaknshnin 



Panni hypophylli, silacei-lutei colores, conidiophora dense fasciculata, 
emergentla per stomata, septata, contents dense lutea, comdia elongata, 
obclavata, recta vel curva, 3-7 septata. hyalina vel lutea, 54-84x 4-7 /i. 

In vivis foliis Adina cordifolia Hook Walayar (Malabar district) 
31-XII-1946, T. S. Ramakrishnan et K. Ramakrishnan. 

This fungus does not form definite spots on the leaves and often the 
incidence of the infection cannot be detected from the upper surface. Since 
this fungus IS found to be different from the others recorded on plants 
belonging to the family Rubiacee it is described as a new species. 

(14) Septona erythrina Ramakrishnan T. S and K , sp. nov 

Spots numerous, small, angular, bounded by veinlets, light green in 
colour ; pycnidia hypophyllous, 2-5 in a spot, black, subepidermal, immersed 
m the tissue, slightly erumpent, globose, ostiolate, 150x 90 /i, with a pen- 
dium of two to three layers of brown cells ; pycnidiospores long, cylindneal, 
44 X 4/1 (36-58 X 4-6 /t), straight, three-septate, hyaline produced on very 
short stalks. 


On living leaves of Erythrina sp. Kallar (Coimbatore district) 9-X-1946 
T. S. Ramakrishnan and K. Ramakrishnan. 


Macuale parvs, angulares, leviter virides ; pycnidia hypophylla, 2-5 per 
maculam, nigra, subepidermia, globosa, ostiolata, ISOx 90 /i; pycnio^ 
sporidia cylindrica, recta, tnseptata, hyalina, brevipedicellata, 4Ax 4 p 
(36-58 X 4-6/1). 
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In vivis foliis Erythrince sp. Kallar (Coimbatore district) 9-X-1946; 
T. S. Ramakrishnan et K. Ramakrishnan. 



Text-Fiq 4 Pycnidiiim of Seplorla erythruia x 400 

The spores come out of the ostiole in the form of thread-like whitish 
masses. When examined with a lens these can be readily made out in fresh 
specimens as white peg-like projections from the pytnidia (‘spore horns ’). 

Phlyctma brunneola (Berk.) Sacc. {Septoria brunneola Berk ) has been 
desenbt^ on dead branches and stem of Erythrma crista-gaUi. Saccardo 
does not give the measurements of the pycnidiosporcs or the pycnia. The 
fungus under study is however found parasitic on living leaves of Erythrma 
sp. and is not a Phlyctana. It is undoubtedly new to science and is pro- 
posed as a new species. 

(IS) Septoria thespesia Ramakrishnan T. S. and K., sp. nov 

Spots circular, amphigenous, isolated or confluent, 4-1 S mm. in dia- 
meter, upper surface blackish brown with grey centre and lower surface 
sepia coloured; pycnidia globose, innate, immersed in the tissue, numerous 
in the spot, 88 x 93/* (74-96 x 63-111/*), peridium of two to three layers 
of small cells, pycniospores straight cylindrical with tapering ends 2-6 sep- 
tate, hyaline, borne on very short stalks, 28 x 4/* (9-37 x 2-4/*). 

On living leaves of Thespesia populnea Cav. Coimbatore, 18-ii-1947, 
T. S. Ramakrishnan and K. Ramakrishnan. 

Maculs orbiculares, amphigense; pycnidia globosa, subepidcrmia, ostio- 
lata ; pycniosporidia recta, cylindrica, cum terminis angustitatis, 2-6 septata, 
hyalina, brevipedicellata, 28 x 4/* (9-37 x 2-4/*). 

In vivis foliis Thespesia populnea Cav. Coimbatore, 18-ii-1947, T, S, 
Ramakrishnan et K. Ramakrishnan. 
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Text-Piq. 5 Pycnidium of SepfoHa ihetpe^ltr, pycnidiMpores X 300 

This is very common on Thetpesia popubiea throughout the province 
all through the year. The spots become almost black on old yellow leaves 
The pycniospores come out in masses as ‘ spore horns ’ through the ostiolc 
of the pycnidium. 
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STUDIES IN THE ANATOMY OF SUGARCANE STALK 

I Chewing Canes 
By K L Khanna and S L Sharma 

{CtiOrtd Sugereau Reatareh Station Pusa Bihar) 

Received October 1 1946 
I Introduction 

The study of chewing canes was taken up because of their economic import- 
ance in urban areas In the vicimty of large towns, there is always a great 
demand for them, and a small farmer with irrigation facilities and adequate 
manuring can get a remunerative return for his investment if he puts in the 
market, a really suitable variety for sale Apart from the sweetness, the 
thickness and the colour of the cane the ease with which it can be peeled 
and crushed by the human jaw, is the pnmary consideration desired m a 
chewing cane The latter features naturally call for a detailed study of the 
anatomical make up of the stalk as a whole to enable differential ratmgs 
m respect of the rmd and core tissues m different varieties to be adequately 
assessed While the internal structure of sugarcane stalk was studied m 
some detail by Bremekamp (1914) and Artschwager (1925), no serious 
attempt seems to have been made till recently to work out the comparative 
anatomy of different varieties and correlate it with features of economic 
importance Ueno (1938) demonstrated that rmd hardness was closely 
associated with the number or the size of vascular bundles Khanna and 
Panje (1939) found that rmd hardness was not a simple function of vascular 
bundles alone According to them, the lignihcation of parenchymatous 
matrix and vascular sheaths was also a major factor involved in determmmg 
the degree of rmd hardness Buzacott (1940) and Rao (1941) showed that 
anatoimcal structure of a cane variety as reflected in the rmd hardness 
contnbuted much towards its resistance to stem-borers 

The present contribution is an attempt to understand what anatomical 
features are a pre-requisite in a cane stalk to be suitable for chewmg purposes 

II Material and Methods 

Three well-known vaneties of chewing canes, namely Saharanpur 
Paunda, Amntsar Paunda and Peshawar Paunda, were selected for this 
study The upper half of middle intemodes of three representative stalks 
Bi ' 13 
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formed a sample for each variety Smce it was not possible to get intact, 
an entire cross-section of so thick a cane, the intemode was longitudinally 
split into four peripheral and one central sectors which were numbered as 
shown below 



Hand sections from each sector were stained with 1% solution of 
Safranm in S0% alcohol, and after the usual process of dehydration, were 
mounted in Canada Balsam 

The following characters were studied — 

A Vascular bundles— 

(fl) Number per unit area —All the vascular bundles occurring m 3 umt- 
areas were counted in each sector, the field of the microscope being taken 
as a unit In order that the counting was done m regions comparable to one 
another, the edge of the field of microscope, was kept touching the epidermis 
in sectors 1 to 4 and for the 5th sector, mncrmost portions were taken 
There were 36 countings for rind and 9 for central region for each variety 
(h) 5izc— Because of the wide variations in the size of the vascular 
bundles occurring in the rmd region and the inherent difficulty m selecting 
them without any bias, it was measured for all of them found in the field 
of the microscope, for each umt area, in terms of their two axes, radial 
and tangential, with respect to the cross-section of the cane In the central 
region where the variability in their size was rather low, the size of only 
SIX per field which amounted to nearly 50-65% of the population, was 
measured Thus 358 vascular bundles were measured m the penpheral 
sectors of the Saharanpur Paunda 369 for the Peshawar variety and 465 
for the Amritsar Paunda For the central region, 54 observations were 
made for each variety 

In view of the basic pattern of a quadrilateral figure symmetneal along 
Its radial axis, to which all the shapes of vascular bundles conformed, it 
appeared that the product of the two axes would give a very reliable mdex 
of the size of vascular bundles in different varieties for a comparative study 
To test this hypothesis, size of all the vascular bundles in a umt area (1 9 
mm m diameter) m each of the four penpheral sectors of all the three canes 
in each vanety was determined by the following three methods — 




Studt4S tn the Anatomy of Sugarcane Stalk — / 


15 


(i) The radial and tangential axes of vascular bundles were measured 
under microscope in terms of the divisions of eye-piece micrometer, pro- 
duct of the two givmg a comparative value of the si/e 

(u) Those very vascular bundles were drawn 140 times magnified with 
the help of a camera lucida Product of the two longest axes of the figure 
at right angles to each other and measured to the nearest mm was taken 
as an index of the area of the figure 

(ill) The actual area of the figure was measured with a planuneter to 
the nearest 0 25 sq cm As this obviously bore the most accurate rela- 
tionship to the actual respective areas of the vascular bundles, it was taken 
as the standard with which the two sets of indices mentioned above had 
to be compared 

Statistical analysis of these three sets of data for 517 vascular bundles 
(193, 164 and 160 vascular bundles respectively of Amritsar, Saharanpur 
and Peshawar Paundas) showed that there existed a very high positive 
correlation of the order of 0 9546 between (i) and (iii) and 0 9699 
between (ii) and (lu) 

Similar determmations for 90 vascular bundles taken at random from 
central sectors, 10 from each gave + 0 8889 as coefiicient of correlation 
between (ii) and (ui) methods The coefficient of correlation between (i) 
and (ill) was not determmed because of the close correspondence found 
to exist between this value and that for (ii) and (iii) in respect of the vascular 
bundles of the peripheral region 

The method (i) followed for determining the size of vascular bundles 
was, therefore, quite reliable for a comparative study Besides the method 
was both quicker and less laborious, thus enabling a large number of measure- 
ments to be taken A further contnbution on the subject will, however, 
be made separately 

(c) Total area occupied by vascular bundles in a unit area in peripheral 
region was found by adding the size of all of them and in the case of the 
central sector by multiplying the average size (calculated from that of six 
bundles in a particular umt) by their number m that unit 

B. Parenchymatous cells— 

In a umt area (square in shape), the number of these , cells, which 
obviously, was inversely proportional to their average size and was there- 
fore an index of the latter, was calculated by multiplymg the number of 
cells situated on the two adjoining sides of the square m the case of the 
5th sector where total area under vascular bundles m a unit area, was not 
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significantly different in these varieties To get the requisite figure for 
peripheral sectors, where cells rapidly increased in size as one proceeded 
from the epidermis towards the centre, the average of the number of cells 
situated on the opposite sides of the square (tangential m respect to the 
cross-section of the cane) was multiphed with that on the radial For the 
outer umt, epidermis formed the outer of the two (tangential as stated above) 
sides of the square while the inner unit was bounded towards the periphery 
by the inner side of the outer unit as shown in the diagram below The 
area occupied by the vascular bundles did not interfere with such deter- 
minations because parenchymatous cells in this region were arranged more 
or less m layers Actual counting of cells m a unit area or the determina- 
tion of cell-size by planimeter did not seem to be a practical proposition 


TANOENTIAL WALLS . 



36 observations each for the outer and mner units, were made m the 
peripheral region and 9 for the core for each variety 

C Thickness of cell-walls — 

This was measured for two adjoining cells in the parenchyma at 0 6 mm 
and 1 2 mm from the epidermis and in the centre Similarly for the 
sclerenchyma, it was noted in the sheaths of 2-3 vascular bundles, the biggest 
of them in the field In nnd, 120 readings were taken at each depth for 
parenchyma and sclerenchyma and 30 only for each tissue m the core of a 
variety 

III Observations and Data 

From the foregoing paras, it would appear that the cross-section of 
a cane stalk was studied more or less completely for all the una inm ical 
features which were responsible for the hardness of a cane They are listed 
below 

(A) The number, the size and the total area of vascular bundles m a 
unit area and the thickness of walls of cells fonmng their sheaths 

(B) The number of parenchymatous cells m umt area and the thickness 
of their walls, the former being an mdex of their size 
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Since the total area occupied by the vascular bundles was a function 
of their number and size, and included these two characters m their entirety, 
a separate consideration was not given to them as such, thus leaving for 
cntical examination, six characters for rmd, viz (i) the area under vascular 
bundles, (u) number of parenchymatous cells in outer unit area and (ui) 
in inner unit area, (iv) the thickness of cell-walls in parenchyma at 0 6 mm 
and (v) at 1 2 mm and (vi) the thickness of cell-walls in the vascular sheaths, 
and four characters for the storage tissue, namely (i) total area of vascular 
bundles, (u) number of parenchymatous cells in umt area and (lu) thickness 
of cell walls m parenchyma and (iv) in sclerenchyma 

Rmd — In the formation of rmd, the Amritsar Paunda showed the 
greatest development of five characters, viz, the total area of vascular 
bundles, the thickness of cell-walls of sclerenchyma, and parenchyma at 
0 6 mm depth and the number of parenchymatous cells in both the outer 
and mner umts (Table I) in all of which except the last named character it 
was significantly different from the other two varieties at 1% level (Plate III, 
Figs 1-3) The difference between this variety and the Peshawar Paunda 
m respect of this character was significant at S% level onlv The size of 
the parenchymatous cells being inversely proportional to their number in 
umt area, the difference m their size was clearly visible where their number 
m two vaneties was significantly different, the higher the level of significance, 
the more pronounced the difference in their size In Amritsar Paunda cells 
forming the parenchymatous matrix were smallest of all the three varieties 
(Plate IV, Figs 1, 2, 3 and Figs 4, 5, 6) The thickness of parenchy- 
matous cell-walls at 1 2 mm from the epidermis was just a little less than 
that m the Peshawar Paunda, the difference being insignificant even at 5% 
level It is mteresting to note that in these two characters also it was signi- 
ficantly different from the Saharanpur variety at even 1% level The latter 
exhibited the lowest magmtude (Plate III, Fig 1) for characters 4, 5, 6 and 7 
and was significantly different at 5% level from the variety nearer to it in 
the three underlined characters and at 1% level in two only namely the 6lh 
and the 7th character As regards characters 3 and 8, it occupied an inter- 
mediate position and was significantly different in respect of the 3rd charac- 
ter only The ground tissue m this vanety was, therefore, composed of 
largest cells with thinnest walls (Plate IV, Figs 1, 2, 3 and Figs 4, 5, 6) 

The Peshawar Paunda was situated in between these two vaneties so 
far as characters 4, 5 and 6 were concerned, and was significantly different 
m the 4th and the 6th characters at 5% and 1% level respectively In respect 
of the 3rd and the 8th characters it was least developed but showed maximum 
development for tfic 7tli elfitraotcf It was si^ificantly different m the SnJ 



18 K L. Khanna and S. L. Sharma 

Table 1 


Shomng various anatomical features of 3 varieties of chewing canes 


~„.,^Vaiieties 
Characten ^ 

Saharan 

pir 

Paunda 

Peshawar 

I aaada 

Amntsar 

r 

Critical d 

a< 

1* 

ifferenee 

6% 

AVerf Pertpktial Jtn ; m 

A Vastuhr hundht 

(1) Namber per amt irea 

0 04 

10 28 

12 02 

11 04 

1 33 

1 00 

(2) Size 

177 7 

147 4 

170 9 

106 7 



(3) total area occupied by 
them in a unit area 

1767 4 

1611 0 

2207 8 

1828 8 

148 6 

112 6 

E Nttmhtt of Par i chymntout ctl! 
(4) In outer amt area 
(0) In inner at It arez 

806 2 

902 8 

1160 3 

074 a 

43 6 

33 1 

138 0 

140 0 

147 1 

142 1 

8 36 

6 35 

C TMuk usi of all « i//r 
(i) Parenchyma 
(e) At 0 e mm 

8 00 

8 81 

9 72 

8 84 

0 67 

0 43 

(7) At 1 9 mm 

6 81 

8 15 

8 rO 

7 ao 

0 46 

0 36 

III) Sclerenchyma 
(i) In sheath 

18 10 

17 60 

21 DC 

10 24 

1 03 

1 24 

Star tgt tusta Ctulril Prgto i 

A kmndlet 

(0) Namber per unit area 
(10) Sue 

11 22 

ll 00 

0 22 

10 07 

1-77 

1 30 

274 0 

334 7 

401 0 

337 1 

47 8 

30 00 

(11) Total area errupied by 
them in a unit area 

3080 4 

3084 7 

3028 2 

3466 4 

1126 4 

830 6 

B f annekymatous ulU 
(12) Number pet unit area 

121 8 

160 0 ! 

142 0 

141 3 

14 60 

10 68 

C rktekntu of ttU toalh 
(18) In parenchyma 
(14) In sclerenchyma 

6 63 

7 73 

7 17 

7 18 

0 84 

0 04 

14 07 

14 07 

13 23 

14 09 

1 74 

1 32 


Note—l Smoe (he number of observations for the character (astensked) was unequaJ, three 
pain of C D (cntical differenoes) would be necessary They are giva below — 


Vaneties Ai 1% At 3% 

Between Saharanpur and Amritsar Paunda 22 8 17 3 

Betweoi Saharanpur and Peshawar Paunda 22 6 17 2 

Between Peshawar and Amritsar Paunda 24 0 18 3 


2 The magnitude of vanous features was given m the above table in divisions of eye- 

piece micrometer, the values of which were 
(a) For thickness of cell walls 

(Characten 6, 7, 8, 13 and 14) 1 division » 0 21 /i 
(h) Fot area of vast»lar bundles 

(Characten 2, 3, 10 and 11) 1 sq division - 16 3> sq ^ 

3 (o) For counting the number of vascular bundles, the field of the microacope was 

taken as unit area the diameter of whidi was as follows 
(i) Character 1 17 mm 

(ii) Character 9 4 1mm 

(h) For the number of parenchymatous cells, the diameter of the field of mlooscope 
was takm as on of the sides of the squaie whidi measured 
(i) 0 68 mm for characten 4 and 3 
(u) 1 53 pm fqr charactH 12 
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character only at 1% level The Peshawar Paunda on the whole, therefore, 
occupied an intermediate position so far as the nad was concerned 

The storage tissue — In the central region, however, the Peshawar 
Paunda showed maximum magnitude for the 11th, 12th and 13th character 
and was mtermediatc for the 14th It formed groups with the Saharanpur 
or Amritsar vaneties or with both m all the characters except the 12th 
(Plate I, Figs 4-6) where it was significantly different from both of them 
even at 1% level, the difference in the size of the parenchymatous cells being 
clearly visible (Plate IV, Figs 7, 8, 9) The Saharanpur Paunda, in this 
region also, was the poorest in the development of characters 11, 12 and 13 
(Plate III, Fig 4) Only m the case of the 14th character it showed the 
highest value In the 12th character alone it was signihcmtly different from 
the other two varieties at 1% level In other words the storage cells were 
the largest m this case (Plate IV, Fig 8) At 5% level it differed signi- 
ficantly from Amritsar Paunda m the 14th character and from the Peshawar 
Paunda m the 13th character The values for 11th, 12th and 13th charac- 
ters for the Amritsar vanety were intermediate and were not significantly 
different except for that of the 12th character (Plate III, Fig 6) Its 
average value for the 14th character was the smallest and significantly 
different from the one for the Saharanpur Paunda at 5% level 

Summing up all the characters exhibited by the three varieties, Amritsar 
Paunda headeji the list for five out of the ten characters and was significantly 
different m all of them It was mtermediatc in four characters but differ- 
ences in respect of three of them were not significant as compared to their 
maximum development Only in one character it showed the least deve- 
lopment but here too, the difference between this and the variety mterrae 
diato for this character (Table I) was not significant Amritsai Paunda 
therefore, could be deemed to have secured eight top positions and two 
middle ones For the Saharanpur Paunda, reverse was the case It showed 
the least development for seven characters of which four were significantly 
different at 5% level It had mtermcdiate position for two characters but 
the difference between this and the lowest was significant only for one, at 
5% level In one character alone, it topped the list but it was not signi- 
ficantly different from the next vanety Thus it obtained for itself eight 
lowest and two mtermediate positioM The Peshawar Paunda was inter- 
mediate as It had one distmctly highest and one definitely lowest position, 
the other eight being intermediate The position of a variety in relation 
to the other two m respect of characters m which it was found to be sigm- 
^cantl^ different is shown m Table 11 
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Table II 

Showing characters in which varieties are significantly different 
from one another 



tt 1% level 

2 Characten given above the horizontal line were better developed m the variety 
given on the left than in that given at the head or the column Reverie was the 
case whin a character appeared below the horizontal line 

The full import of this consistent behaviour on the part of the varieties 
would be clear when all the characters were considered together 
IV Discussion of Results 

A cane when cut across, reveals two component parts, viz , the rind and 
the core The nnd is formed by vascular bundles of various sizes, embedded 
in a parenchymatous matnx hgnified to a varying degree The character 
of the rind is, therefore determmed by the total area of vascular bundles, 
the size of parenchymatous cells and the thickness of cell-walls m both the 
tissues The function that nnd has to perform, naturally admits of little 
storage of sugar m its tissues The core which forms the major portion 
of a cane, consists of thin-walled parenchymatous tissue in which isolated 
vascular bundles are scattered rather sparsely 

In a chewing cane, the nnd has got to be differently constituted from 
that of a cane for general cultivation {vide Appendix) A soft rmd for the 
latter is defimtely a bad feature because of its inability to withstand the 
ravages of smaller animals like rodents and jackals, while in the former it 
IS a valuable asset as the human jaw and teeth are comparatively a weak 
mechanism for biting and tearmg purposes At the same tune it should 
not be so soft as to come off m chips when the cane is peeled It should, 
therefore, be soft but coherent enough to be stripped from node to node 
Pesidcs, if It is thin and wqH demarcated also, the cane woidd be ide^l so 
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far as one part of chewing process is concerned A soft nnded cane need 
not present any serious obstacle in successful cultivation, because it being 
a garden crop, damage by animals can be reduced to a great extent by grow- 
ing them m properly protected plots 

The core of d chewing cane is not fundamently diiferent from that 
of an ordinary one, meant for crushing {vide Appendix) Only it has to be 
much softer so that it can be pressed by human jaw and juice extracted 
from mdividual cells It is, therefore, essential that the storage cells should 
be as large as possible with very thm walls The vascular bundles should 
obviously be spaced far apart 

From these theoretical considerations, a cane possessing a thin and 
soft rmd and yet adequately tough to be stripped clean from node to node, 
together with a soft core requirmg the least effort to peel and crush it, 
would be ideally suited for chewing purpose 

Before discussing the relative merits of the three varieties as chewing 
canes, it would be necessary to eliminate the inequalities of numerical 
expression of various characters, so that their magnitudes could be com- 
pared to one another Table HI was compiled by expressing the magnitude 
Table III 


Showing the magnitude of various characters as percentages of 
their respective totals 
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of a character m a particular variety as percentage of its total for all the 
three varieties 

From Table n given earher, it would appear that even at 1% level, the 
Amritsar variety was sigmficantly different from the Saharanpur Paunda 
in all the six characters of the rind and from the Peshawar Paunda m four 
of them Further it maintamed consistently the highest position (Text- 
Fig 1) in respect of the magmtude of almost all characters each of which 
made the rind hard to the extent of its development It was, therefore, 
evident that the Amntsar variety had the hardest nnd In respect of the 
storage tissue, the Peshawar Paunda was harder than the Saharanpur variety, 
because the number and thickness of walls of the parenchymatous cells — 
two out of four characters pertaining to the core — were significantly greater 
in the former than in the latter Although the lignification of sclerenchyma 
was higher in the Saharanpur variety than in the Peshawar Paunda, the 
difference between the two magnitudes was not found to be^significant. 



RM) OHARAOTERft 00l« OHMUQTCM 
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and as such greater thickness of cell-walls in the former could not be 
regarded as having materially contributed much to make its core harder than 
that of the latter As compared to the Amritsar variety also, the core of the 
Peshawar Paunda appeared to be hard because of the significantly greater 
number and therefore smaller size of parenchymatous cells per unit area 

Since the Saharanpur Paunda changed positions with Peshawar va nety 
in respect of certain characters m nnd and with the Amritsar vanety in those 
of the core, it might not be the softest because it was just possible that the 
greater development of some of the characters might more than offset the 
total advantage given by the poorer development of the rest of the features 
in their respective spheres If the characters in which they were not found 
to be significantly different, were left out in the final reckoning of hardness 
for the reason stated in the preceding para, one had only to examine whether 
hardness imparted to the nnd by greater area of vascular bundles in the 
Saharanpur variety was so much as to nullify the total softness due to the 
poorer lignification of the parenchymatous matrix as revealed by the thick- 
ness of cell-walls at depths of 0 6 mm and 1 2 mm from the epidermis 
and the lesser number and therefore larger size of parenchymatous 
cells in the outer unit area Similarly for the core, it would be necessary 
to find out whether the greater development of selerenchyma had more 
than counter-balanced the effect of lesser number and therefore the larger 
size of the parenchymatous cells per unit area A similar reckonmg of 
hardness of the regions in question for the other two varieties, viz, 
Amritsar and Peshawar would be essential before any comparison could be 
made 

In assessing the combined effect of different characters which pulled in 
opposite directions, weightage given to any one of them on theoretical 
considerations would be more or less arbitrary as no direct experimental 
evidence could be obtained on this point Since the total area of vascular 
bundles and the thickness of parenchymatous cell-walls are distmctively 
varietal characters and independent of each other, they have to be taken as 
of equal status Whether the magnitude of the hgnification of parenchy- 
matous cells at each depth in the rmd 's independent of the other and, 
therefore, should get the same weightage as the vascular area, or each is 
the function of the other and therefore, the two being interdependent, can 
be best represented on SO-SO basis, has to be deaded before evaluating the 
total hardness of the peripheral region in a cane 

If the thickness of parenchymatous cell-walls at 1 2 mm had shown the 
sqme ratio to that at 0 6 iqm in all the three varieties, it could not have 
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been explained except on the basis of the former being dependent on the 
latter But that is not so (Text-Fig 2) That the lignification of cell-walls 



in diflerent parts of the cross-section of a cane was an independent charac- 
ter was further supported by the fact that in all the three varieties the thick- 
ness of parenchymatous cell-walls at 1 2 mm did not show the same rela- 
tionship to that m the centre, and that the rate of its fall also was not the 
same for all Observations on sclerenchyma confirmed this view (Text-Fig 2) 
On this basis, givmg equal weightage to all the three characters, the 
Saharanpur Paunda was found to be four pomts less hard than Peshawar 
Paunda at 1% level (Table IV) At S% level it gamed one more point 
because of the lesser number of parenchymatous cells per unit area Even 
if characters 6 and 7 were taken as components of one feature and not at 
par with the third character, each therefore, bemg eligible to only 50% 
weightage of the latter, the Saharanpur vanety appeared to be just 0 3 pomt 
harder than the Peshawar Paunda at 1% level and one pomt less hard at 
5% level because of the fourth character commg into the picture So in 
3 out of 4 computations the former scored over the latter as being leas hard 
so far as the nnd was concerned In the core also, it was slightly (0 7 
pomt) superior to the Amntsar cane at 5 % and considerably (4 8) so 
1 % level, 
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Table IV 

Showing weightage of characters tn which Saharanpur Paunda 
IS significantly different from other varieties 


LhMBCten 

SahuBi pur 

Peshawar 

Paunda 

Sahaiinpur 

( + ) or(-) 

Remarks 

(>) /m AtmS 

At 1% Itvel 

8 + 8 + 7 

Sl B 

08 0 

4 1 

Saharanpur is softer than 
Peshawar Pauida 

8 + ?-^ 

88 0 

81 0 

+0 3 

More or less e lual 

At 6% Inti 

8 + 4 + 6+ 7 

3 + 4 + 

121 6 

01 8 

128 0 

02 8 

-B 4 

-1 0 

'1 Sahar npur Paunda is 

1 softer than Peshawar 

J launia 



Amnuar 

Paunda 



(b) In Uoragt iutut 

At 1% Uotl 

18 + 14 

At 6% Itvtl 

18 

84 1 

88 7 

84 8 

88 8 

-0 7 

-4 8 

1 Saharanpur Paunda Is 

I- softer than Arantsar 

J Paunda 


Note — Smoe gPBater ougnitiide means mote of hardness, (+) indicates harder than and 
(-) ‘sofUr than 


In addition to its being the softest of all the three varieties, Saharanpur 
Paunda had another advantage Due to the rapid fall in the lignification 
of the matrix, its rmd was thinner and much better demarcated than that 
of the other two In this case there was practically no further decrease in 
the magnitude of this feature (Text-Fig 3) as one approached the storage 
tissue whereas in the other two varieties, such debneation wis not found 
to exist, within 1 2 mm from the epidermis Should it occur farther in 
the Saharanpur Paunda would at least retam the desirable feature of having 
a thm nnd, which comes off easily and clean when stripped The rmd of 
the other two varieties due to greater and uniform thickemng of the cell- 
walls of the matrix would obviously reqmre more effort to peel 

From the foregoing discussion it would appear that of the three vane- 
ties, the Saharanpur Paunda was found to be the closest to the ideal chewing 
cane both m respect of the rmd and the storage tissue The Amntsar 
Paunda came next m respect of the latter region but was the farthest 
so far as the nnd was concerned The Peshawar vanety occupied an inter- 
mediate position as regards the nnd but was the hardest in the core 

It IB mterestmg to note that the shape of parenchymatous cells was 
different m these vaneties (Plate IV, Figs 1-9) They were strongly oval 
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Fio 3 Decrease m the Thickness of Parenchymatous Cell Walls 


m the case of Amritsar Paunda, and less so in that of Saharanpur var lety 
while in the Peshawar Paunda they were almost circular The shape of 
these cells, however, did not appear to have any bearmg on the suitabihty 
of a variety as a chewing cane 

V Summary 

1 The present paper tries to visualise from anatomical point of view 
an ideal chewing cane which besides having a soft core, possesses a thin 
and well defined rind that comes off clean with minimum effort when it is 
peeled 

2 The following characters which imparted hardness to the core and 
rind of the cane stalk were studied for three well known chcwing-canes, 
VIZ, the Amritsar Paunda, the Saharanpur Paunda and the Peshawar 
Paunda 

(a) Total area under vascular bundles per unit area as calculated by 
addmg the products of the radial and targential axes of all the vascular 
bundles found in the field of the microscope The product of the two axes 
of a vascular bundle in peripheral region bore a very high positive corre- 
lation of the order of 0 9546 with its area as determined by a planimeter 



Studtes tn th* Anatomy of Sugarcane Stalk — / 27 

(b) The number of parenchymatous cells per unit area, which obvi- 
ously was inversely proportional to their size 

(c) The thickness of cell-walls in the parenchyma at two depths from 
the epidermis, viz,0 6 mm , 1 2 mm and in centre, and in the sclerenchyma, 
in periphery and centre 

3 The Amritsar and Peshawar varieties were hardest in the rind and 
the core respectively because of the maximum development of all the charac- 
ters m those regions 

4 The nnd of the Saharanpur variety was softer than that of the 
Peshawar Paunda, because the poorer lignification of the parenchymatous 
matrix m the former more than compensated for its greater area under 
vascular bundles whereas in the latter variety, the ground tissue was ligni- 
fied so highly that it offset total softness accrumg from lesser area of vascular 
bundles Moreover, due to the rapid decrease in the thickness of cell- 
walls of the ground tissue, the nnd was thin and well demarcated so that it 
peeled off clean with minimum effort 

5 In the core, the Saharanpur Paunda had the smallest number of 
storage cells per unit area and, therefore, the largest in size, on the basis of 
which It was reckoned as softer than the Amritsar Paunda because in other 
characters, vii , the vascular area, the hgnification of the parenchyma and 
sclerenchyma, it was not significantly different from that variety at S% level 

6 The Saharanpur Paunda was, therefore, closest to the ideal chewing 
cane and the respective positions of the three varieUes might be graphically 
shown as below 

jRmd— the Saharanpur— the Peshawar— the Amritsar 

Chewing cane — jhe Saharanpur— the Amritsar — the Peshawar 

7 A chewing cane was found to be constituted on a pattern entirely 
different from that of a factory cane The vascular bundles iii the nnd 
region of these vaneties of chewing canes were found to be nearly half the 
size of those of the factory canes of the province The total area under 
them m unit area was much higher m the latter than m the former The 
cell-walls m both the tissues all over the cross-section were found to be much 
more highly hgnified m the factory canes than m the chewmg varieties 
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Explanation of Plates 

Plate III 

T S of Sum of Chewmg wieliei of Sugarcane ahowuig the Rmd and Storage TIasues 
Rmd TIaaue Fias 1-3 Fig 1 Part of TS of nnd of Sahaianpur Paunda showing parenchv- 
matous matrix foimed by cells laig«' than those of the Amnlaar variety (Fig 2), 
but with poorer ligniflcation The nnd of the latter vanety has greater number of 
vascular bundles than those of the Saharanpur and Peshawar Paundas (Figs I and 
3), and so also the thickenmg of sderenebymstous cell-walls resultmg m great 
reduction of the lumen of cells (Magnification x 80 ) 

Storage TIaaue Fios 4-6 Fig 4 Part of T S of the storage tissue of Saharanpur Paunda 
showing cells larger lo size than those of the Peshawar Paunda (Fig 6) The Amntsar 

variety (Fig 3) occupies an intermediate poaiUon in this respect but has the 

smallest number of vascular bundles (Magnification x 13 ) 

PLAT* IV 

T S of Stem ahowing the Size of Parenehymatoua Celia at Three Deptha from the Epidermb 
higt 1, 2 and 3 at 0 6 mm , Fip 4, 3 and 6 at 1*2 mm and Figs 7, 8 and 9 at 2 4 mm 
In Amntsar Paunda (Figs 1,4) the cells formmg the paieochymatous matrix of 
nnd are the smallest and most highly ligniflsd, whereas in the Saharanpur vanety 
(Figs 2, 3) they are the largest in sue sntb thinnest walls The Peshawar Paunda 
(Figs 3 & 6) oocupws an mtermediate position being nearest to the Saharanpur 
Paunda 

In the storage tissue, however, the former has the smallest cells (Fig 9) followed by the 

Amntsar and Saharanpur varmtles (Figs 7 and 8) The shape of the cells in the 

three vaneues is also different (Magnification X 200 ) 
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APPENDIX 

Characteristic Features of a Factory Cane 
A factory cane is characterised by a comparatively high fibre content, 
as distinct from that used for chewing purposes A low fibred variety 
apart from presenting considerable mechanical difficulties in crushing would 
not be an economical proposition to mill because of the insufficient bagasse 
which IS used as a fuel Moreover, it should be hardy enough to withstand 
the vagaries of weather and other adverse circumstanoes so that it can be 
grown on an area commensurate with the needs of a factory 

These fundamental differences between the two categories of cane 
varieties are broad-based on their anatomical make up (Table I) In the 
case of a chewing cane, the nnd is soft and lignification of tissues both 
parenchymatous and sclerenchymatous all over the cross-section of a cane, 
poor, while a factory cane has to possess a fairly hard nnd and moderately 
hgnified tissues 

While m the nnd the number of vascular bundles per unit area in the 
factory canes was significantly less than that in the chewing varieties except 
the Saharanpur Paunda, their size and the total area occupied by them in 
the former group were nearly twice as much as were found in the chewing 
canes In the case of the storage tissue although the number of and total 
area occupied by vascular bundles were not directly comparable because 
of the difference in the size of unit area taken for the two types of cane 
varieties, there did not appear to be any appreciable difference between the 
two groups of the cane varieties so far as these characters were concerned 
This view appeared to be supported by the average size of individual vascular 
bundles which was more or less the same in the two groups, because the 
difference in its size m various varieties was not found to be significant even 
at 1% level 

The difference in the anatomical make-up was much more categorical 
when the thickness of cell-walls of the parenchymatous and sclerenchy- 
matous tissues, was considered In Co 210 and Co 213 the thickness of 
the cell-walls m the parenchymatous matrix at both the depths m the peri- 
pheral region was nearly three tunes and in the central region approxi- 
mately twice of the general mean for the chewing canes As regards the 
sclerenchyma forming the vascular sheaths m the nnd, the lignification of 
cell-walls in Co 210 and Co 213 was nearly three and two times respectively 
of that found in the chewing varieties In the central region, however, the 
difference as regards this feature was not so pronounced Still the 
thickness of these cell-walls was nearly 25% as much more m these vaneties 
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Table I 


Showing anatomical features of factory and chewing sugarcane varieties 
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3708 

2734 

720? 


B Tkulnttt of alluaUs 









|4) I arenchyma at 0 0 mm 

0 78 

8 00 

8 81 

8 S4 

27 13 

27 71 

11 60 

0 084 

(6) Pa enchyma at 1 2inn 

8 10 

0 81 

8 16 

7 m 

•>S 60 

21 81 

11 60 

1 161 

(0) bclerenchyma 

21 00 

18 10 

17 o0 

10 24 

64 W 

30 31 

20 04 

2 700 

Si ragt lusuf Cent al Reg on — 









A Veucular htndU— 









(7) Namber per amt area 

0 22 

11 22 

11 fO 

10 07 

3 44 

3 73 

7 14 


(8) Size 

401 87 

274 01 

334 74 

337 1 

360 50 

JOO 17 

302 63 

40 607 

(0) Total area occupied 









by them per anit ana 

3628 2 

3080 4 

3004 7 

3466 4 

1237 

1142 

USD 


B Tktehuts of cell u a/li— 









no) 1 arenchyma 

7 17 

6 01 

7 76 

7 18 

13 04 

17 00 

13 44 

1 376 

(11) Sclerenchyma 

13 83 

14 oe 

14 00 

14 0 

18 JO 

17 60 

21 10 

2 320 


Note — I The mogaitudo of various characters was expressed m terms of the d visions of the 
eye piece micromeler the values of which were 
(a) Thickness of all walls I division — 0 21 /i 
(h) Size and total area of vascular bundles m 

(i) nod 1 sq division » 14 4 sq /> For factory canes 

(u) Storage tissue 1 sq — 13 2 sq /i 

(ill) both the regions 1 sq 16 3 sq ^ For chewing canes 

2 For counong the number of vascular bundles the Add of the microscope was 

taken is unit area the diameter of which was as follows 

(i) 1 7 mm for both the regions of factory canes and nnd portion of the 

chewmg varieties * 

(ii) 4 t mm for the central portion of the latter 

3 It would therefore appear that the magnitude of the features under discussion n 

more or less directly comparable in both the types of cane vaneties exapt 
number of md total area occupied by vascular bundles per unit area m 
storage tissue where the diameters of unit area happened to be diSieroit 

4 Critical difference for characters 7 and 9 could not be calculated for the reason 

given above and for the character 3 because the total area was amved at by 
two different methods 

than that found in Paunda vaneties Co 313 which was the softest of all 
the vaneties given out so far, for general cultivaUon as a factory cane, was 
found to have nearly 50% more highly ligmfied cell-walls in both the tissues 
all over the cross-section It was harder than the hardest of the chewing 


g‘?3 
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varieties, namely the Amritsar Paunda All the three varieties were signi- 
ficantly different from the chewing canes at 1% level in respect of the ligni- 
fication of both the tissues 

It would therefore appear that cane varieties in order to be useful for 
different purposes have got to be constituted on an entirely different basis 
The work on milling features of sugarcane varieties is being reported 
separately 
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I iNTROTUCnON 


TapI(x:a or the Cassava plant {Manihot utilissima, Pohl ) belongs to the 
milkweed family (Euphorbiaceae) It is a native of Brazil, South America 
In the botanical hterature of the last century the plant is descnbed as 
Janipha manthoi, Kth or Jatropha manihot, Linn It was introduced 
m this country more than a century ago Drury m his " Useful Plants 
of India" published ui 18S8 has recorded that tapioca was then under 
extensive cultivation m Travancore The Travancore State Manual has 


* A MoBogrun on the work done m the Departmeot of Reeearch Umvenity of 
ITavniioore during 1940-47 
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stated ‘ that the populanty of this crop plant is specially due to the exer- 
tions of His Highness Sn Visakham Thirunal Maharaja ’ (1837-1885) 
Burkill (1904) states that early Portuguese settlers introduced tapioca to 
Goa as well as to Africa Macmillan (1925) records that Tapioca was 
introduced into Ceylon and India by the Portuguese in the 17th century 

The success of Tapioca as a major crop has in large measure been due 
to the particularly favourable climatic and soil conditions of Travancore 
It IS also likely that the growth habit and high yield of this plant ensured 
Its popularity with the ryot It is a hardy plant thriving even in the most 
barren soil Little or no care is necessary for it after planting and the 
yield per acre is so high as to give for the ryot a good return for his 
labours In pre-war days a pound of fresh tapioca tubers did not cost 
more than two pies It was thus within easy reach of the poor and became 
practically the poor man's food in Travancore Tapioca cultivation m 
consequence steadily increased so that to-day it is second only to paddy 
as a major crop in this State 

Owing however, to the primitive methods of cultivation employed 
by the ryot and the poor quality of the varieties used for cultivation, the 
average yield here does not exceed two tons of tubers per acre at present 
In Java, West Indies and other countries of the Far East where improved 
strains of tapioca are used for cultivation, the average recorded yield for 
this crop ranges from 10-15 tons per acre It should therefore be possible 
substantially to increase the yield of this crop by enabling the ryot to have 
better varieties of tapioca and by introducing improved methods of 
cultivation 

During the war when nee imports from Burma were cut off, tapioca 
has been a boon to Travancore It saved the country from famine and 
Its food value has received greater attention since then Tapioca has 
also assumed importance in recent years as its starch is in great demand 
as a suitable sizmg material in textile industry There is no doubt, there- 
fore, that the cultivation of this crop will receive greater attention in future 
The following account of the applications of modem genetical methods 
for evolving improved strams of tapioca undertaken at the Tapioca 
Research Farm* in the Department of Research, University of Travancore, 
IS therefore presented with a view to stimulating interest in this crop 
plant 

* Thu Farm u maintained from the Pattabfairama Iyer Endowment Fiinda donated at the 
nte of Ri 1,000 per menaem by Sachivottanu Sir C P Rnmaiwaffly Iyer, Dewaq Vicr. 
Chancellor 
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n. The Tapioca Plant 

Tapioca, known as * maracheeni ’ or ‘ kappacheeni ’ in Malayalam is 
a crop plant cultivated in all dry soils in Travancore. Within a week 
after planting, two or three buds sprout from the nodes of the seed canes 
and grow up as erect branches. These stems branch repeatedly in threes 
and run into several such grades in an apparently trichotomous mode of 
branching (Fig. 1). While this type of branching with a spreadings shoot 
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system is characteristic of all flowering varieties, it is significant that non- 
flowering varieties seldom branch, growing as erect, tall plants, reaching a 
height of 6-8 feet. The colour of the stem varies with varieties. It may be 
green, grey, pink, dark-brown or purple. Leaves stipulate, long petioled, 
palmate, divided nearly to their base into S-7 lanceolate, entire lobes 
dark green above and glaucous beneath. Midrib prominent below and 
usually of the same colour as ^le petiole. Petiole long, inserted obliquely 
on the stem and arranged in a 2/5 spiral. Stipules thin, dissected, pointed, 
greenish white, occasionally with a reddish base falling off just after the 
leaf has fully spread. On an average about IS leaves will be present on 
the terminal region of the branch. Leaves become mature and fall within 
about six weeks, leaving prominent nodal protuberances on the stem. 
These nodal swellings are surmounted by circular leaf-scars with an 
obliquely transverse knife-edge like extension on each side formed by 
the stipular scars. The stem thus presents a rugged exterior with these 
close-set and spirally arranged swellings. Cork formation commences 
early on the stem developing a scaly skin which can be easily peeled off. 

Roots grow from the cut-end of the seed cane within a few days after 
planting. They arc long, slender and white, spreading in the soil more or 
less horizontally about 3-S inches below the surface. As the plant grows 
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older, some of these roots become tuberous while the majority of them 
continue to be thin and function as absorbing organs. Both absorbing 
and tuberous roots are spreading in habit so that hardly any root lies 
deeper than 8-10 inches in the soil. As the tuberous roots begin to store 
starch in them they gradually increase in thickness, developing when 
mature, a skin as in the stem, a nnd and the starchy inner portion with 
a central strand of conducting tissue. In most varieties growth of the 
tubers is completed in about eight months. 

The plants flower in about six months. The flowers are borne in 
terminal panicles. The first panicles usually appear at the junction 
of branches of the second grade (Fig 3). Flowers unisexual, protogynous. 



Fia. 3. Flowen and Fnut of Tapioca 


Male flowers smaller than the female and usually in terminal clusters. 
Perianth cup>shaped, with five imbrecate lobes enclosing a 10-lobed 
glandular disc. Stamens 10, springing from the base of the perianth and 
curving out through the lobes of the disc. In the open flower the anthers 
are arranged in two levels; five small with shorter filaments curved 
inwards and five large with spreading filaments. The small stamens are 
opposite the perianth lobes while the large ones alternate these lobes. 
Anthers dorsifixed and dehisce by longitudinal slits. Pollen grains are 
large, spherical and few in each sac. In the centre of the disc a pistillode 
is represented by a small conical projection. The female flowers are deve- 
loped earlier than the male flowers of the panicle and are fewer in number. 
The perianth of the female flower is deeply S-lobed and with purple border. 
Pistil has a basal nng. Ovary trilocular, spherical with a capitate 3-lobed 
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stigma Ovule one in each loculus, pendulous, anatropous with ventral 
raphe and micropyle directed upwards and outwards At the tip of the 
outer integument a soft tissue, the caruncle, is formed which caps the 
ovule There is also an obturator mechanism which is a peg-like process 
formed from the placenta This grows towards the ovule, curves round 
the caruncle and enters the nucellus through the micropyle (Fig 3 B 5) 
It is composed of thin-walled, elongated cells with rich contents The 
pollen-tube in its passage to the embryosac directs its course through 
the obturator This mteresting mechanism thus serves as a short-cut 
to the micropyle besides being a nutritive tissue for the pollen tube as 
suggested by Strasburger (1921) After fertilisation the obturator dis 
appears 

Fruit globular, about one inch in diameter with six thin, narrow 
wings Capsule hard, splitting into three cocci each with a seed Seeds 
elhptical, black, grey or mottled, shining, resembling a castor seed The 
seed-coat is thick, hard and polished Inside the seed coat there is the 
endosperm which is massive enclosing the embryo The two leaf-like 
cotyledons of the embryo are pressed against each other by the 
endosperm The radicle of the primary axis is directed towards the 
micropyle 

During germination the radicle pushes itself out through the micropyle 
and develops branch roots at its tip The hypocotyl is curved and by its 
further elongation the cotyledons are pulled out of the seed (Fig 4) They 
then expand, become green and behave like foliage leaves 

Anatomy of the Stem 

(fl) Macroscopical stem is light, breaks easily and has a thin 
skin which gets easily peeled off exposing a green soft tissue in'side A 
cut-end of the stem shows four prominent parts a central whitish pith, 
a broad ring of wood, a greenish bast and a brown skin The pith is a 
soft tissue about a centimeter m diameter in a young stem of normal thick- 
ness It IS pentangular with rounded comers This tissue is enveloped 
by the wood The radial arrangement of the cells of the wood are well 
marked out on the cut surface Pores though few are conspicuous and 
regularly arranged Milky latex with a famt yellow colour is seen to exude 
in a nng m the bast and in small drops at the protoxylem region on the 
cut-end of a fresh stem The skin is dry and papery It breaks off m 
barrow flakes and consequently the surface of the stem is rarely smooth 
Lenticels are few The nnd as well as the skin can be easily removed 
from the stem (Fig 5) 
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Fk 5 Cron Section of Stem 

A Cut end of the item seen under a leni B Tissues seen under the microscope 
C Latex vessels 


(b) Microscopical — ^The skin is the cork tissue developed by a phello- 
gen originating near the epidermis in young stems It is composed of 
8-10 layers of regularly arranged prismatic cells (Fig S B) More than 
half of these layers on the outside develop thick walls m theu cells while 
the inner layers usually remain thin walled The phellogen continues 
to be active producing newer layers of cork cells as older peripheral layers 
get peeled off in thin flakes The cells of the cortex are more or less 
rounded m outhne and have chloroplatids m them presentmg a green colour 
to this tissue Two or three layers on the inside of the cortex are transform- 
ed into collenchyma (Fig S, * col ) There is a layer of cells with mclusions 
of tetrahedral crystals just on the outside of this tissue Cortex is limited 
n the inside by a ring of sclerencbyma of two or three layers of thick- 
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walled cells (Fig S, ‘ scl ’) The fibrous nature of the rind is due to this 
ring The tissue inside this ring is the bast In shape as well as arrange- 
ment of cells the bast presents a complicated structure The inner layers 
of this tissue have radially arranged cells developed by the cambium 
The primary phloem is seen as disorganised groups of cells (usually five) 
in the outer region Latex vessels (/ v in Fig S) are present just on the 
border of the secondary phloem These are branching and anatomosing 
tubes, extending vertically and arranged only in one layer (Fig 5, C) 
The wall of the latex vessel is thin and its contents granular Between 
the bast and wood is the delicate nng of cambium It is composed of 
thm-walled cells and have their broad side along the tangential plane The 
bulk of the wood (Fig S, B ‘ jcy ’) is composed of fibres and medullary 
rays with scanty development of vessels The medullary ray cells are thm- 
walled, radially elongated and are rich in starch grains There may be 
two or only one such row of cells constituting a ray These rays become 
broader as they pass through the bast The fibres are only moderately 
thick walled with the result that the wood is soft and light The vessels 
though few in number have wide lumen and arc conspicuous in the wood 
The primary xylem, usually five in number and characterised by radial 
series of large vessels are seen projecting into the pith at the inner extre- 
mity of the wood Pith is a soft tissue of thm-walled polyhedral cells 
(Fig 5, p) The outer layers of it are smaller and their walls thicker 
than those of the central tissue These cells are also seen to store starch 
in them A few latex vessels are developed m this tissue just on the inside 
of the proloxylem groups The cells towards the centre are large, poly- 
hedral and thm-walled and have little or no starch grams m them 

Anatomy of the Tubers 

The anatomy of the tuber is essentially similar to that of the stem 
except for the structure of the central vascular strand and of the * flesh ’ 
The young root has the typical dicotyledonous structure with 4-6 exarch, 
radial bundles Endodermis is well developed Tuber development m it 
is initiated by the cambium nng This nng produces towards its inside, 
almost exclusively, thm-walled cells which act as store houses for starch 
grains While these cells have thus the same ongm as wood cells following 
more or less the same arrangement as well, thick-walled fibres are seldom 
developed with the result that the soft ' flesh * of the tuber is formed 
This tissue IS thus secondary xylem specially formed for storage As in 
the stem it is enveloped by a rind, with almost similar structure The skin 
which envelopes the rind has also the same ongm and structure as in the 
stem These details are shown in Fig 6 
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Fki 6 Cross Seciion of Tuber 


III Varieties under Cultivation in Travancorb 


Two pnncipal forms of tapioca, the ‘ bitter ’ variety {Manihot utilissima) 
and the * sweet ' variety alpi, Plon ) were recognised in earher tunes 
in America But specific differences between them being so shght and 
inconspicuous and the forms which have developed by centuries of culti- 
vation so numerous and intergrading that this grouping is no longer 
followed In Travancore aviyan ’ and ‘ maravan ’ both belonging to 
M utihsstma have been taken as two chief groups, the tubers of the 
former boiling easily while the latter required more time for boiling to 
remove the deletenous juice The followmg are some of the chief 
varieties, the vernacular names signifying broadly the characters either of 
the stem or of the tubers 

Vella maracheeni, Chenkompan, Pacha aviyan, Anai maravan, Malai 
elavan, Ariyan Rottivella, and Kanchavu ariyan 

With a view to ascertaining the nature and extent of variation in the 
indigenous varieties, an extensive collection was undertaken by the Econo- 
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mic Botany Section of the Department of Research Seventy-three so- 
called varieties were collected f^om diflerent parts of Travancore Two 
varieties were brought from Mysore by the author and one Java variety 
was obtained from Bangalore Of these 76 varieties 20 did not survive 
The remaining 56 varieties were studied with reference to their morpho- 
logical characters according to the scheme given below 

Scheme for description of the Plants 
Plot No 

Number of the plant 
Date of planting 
Growth Habit 

(a) Erect or Spreadmg 

(b) Branched or not 
Colour of 

(a) Old Stem 

(b) Young Stem 

(c) Leaf-bearmg portion 
Colour of 

(a) Petiole 
(h) Stipule 

(c) Leaf 

(d) Budleaf 
Date of Flowermg 
Colour of 

(а) Male Flower 

(б) Female Flower 

(c) Fruit 

(d) Fruit wings 
Tuber — Colour of 

(a) Skm 
ib) Rind 
(c) Flesh 

Date of Harvesting 
Number of Tubers per plant 
Total weight of tubers 
Percentage of starch 
Percentage of HCN 
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Method of Classification 

Greenstreet and Lambourne (1933) have classified tapioca into two 
groups with reference to the colour of the cortex being either light green 
or dark green As growth habit is a more permanent varietal character 
in tapioca a revised scheme of classification has been made by the author 
as given below Careful observation of their external features has enabled 
an accurate estimate of the extent of variability of the characters possessed 
by these plants Three more or less permanent varietal characters were 
taken as the basis for a classification of the recorded varieties These are 
(1) colour of stem, petiole and tuber, (2) growth habit and (3) flowering 
or sterile 

The following scheme of classification has accordingly been evolved, 
reference to the registered varieties pertaining to each group being shown 
against each 

Classification of Indigenous Varieties of Tapioca 
Group I — Erect, Tail-Branching — 

Type 1 —Mature stem grey, petiole red tuber skin white 
A— Budleaf green— Nos 10, 12, 46 
B — Budleaf pink — No 8 

C — Budleaf pink, male sterile — Nos 4, 5, 36 54 71 

Type 2 — Mature stem grey with black tinge, young stem with red 
streaks Petiole red, budleaf green, tuber skin brown, nnd, red — 
Nos 52, 63 

Type 3 —Mature stem brown, tuber brown 

A — Petiole red, budleaf pink, tuber nnd reddish — Nos 18, 47 
B— Petiole red, budleaf pink, tuber nnd white— 7, 38 
C— Petiole red, budleaf green, tuber nnd cream— 6, 28 
D — Petiole deep red, budleaf pink, tuber skin reddish brown, 
nnd white — No 9 

E — Petiole yellow along lower and red along upper side, budleaf 
green, tuber nnd cream — No 24 

Type 4 — Mature stem deep brown Branches stunted and bushy 
Petiole short yellow with reddish base Tuber brown, long and 
with elongated stalk Budleaf green Male sterile— JVoj 30, 75 

Group ll— Erect Low-Branching— 

Type 1 —Mature stem grey, tuber skin white, nodal swellings promi- 
nent close set 
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A — Petiole red, budleaf pink — Nos 3, 23, 39, 43, 67 
B— Petiole red, budleaf green— TVoj 1, 15, 40, 41. 48, 70, 76 
C — Petiole green, with reddish middle and pink base, budleaf 
green, male flowers sterile— JVo 32 
Type 2 — Mature stem grey with black tinge young stem green, petiole 
all green, budleaf green, tuber white — Nos 21, 26 
Type 3 — Mature stem grey, young stem yellowish green, petiole yellow- 
ish green 

A -Budleaf green — Nos 13, 35 
B— Budleaf pink— 45 

Type 4 — Mature stem brown petiole red, budleaf pink, tuber 
brown— AToj 11, 42, 49, 74 

Type 5 — Mature stem greyish black petiole red, tuber skin white 
A— Budleaf pink— AToi 17, 27, 65 
B — Budleaf green — Nos 56, 66, 68 
Group III — Spreading, Profusely Branching 

Type 1 — Mature stem reddish brown, petiole yellow, tuber brown, 
A — Budleaf pink — No 61 
B— Budleaf green, Male sterile — No 62 
Type 2 Mature stem blackish brown, petiole yellow, budleaf green, 
tuber brown, nnd and flesh yellow— iVoA 29, 51 
Group rv Tall, erect, rarely branching. Non flow ering Stem greyish 
black, wood yellowish, tuber brown 

Type 1 — Petiole black-red, budleaf green— 22, 37 
Type 2 —Petiole red on the upper and yellow on lower side with 
base red Leaf-base prominent — No 57 

IV Cultivation of Tapioca 

Travancore is an agricultural country, nearly half of the population 
depending almost exclusively upon land for their livelihood Of its total 
area of 7,662 sq miles, the wet land along the west coast and the hills and 
forest along the east, take up nearly half this area so that only about 
3,500 sq miles of land are available for cultivation in Travancore As 
this area is fragmented into small holdings, large-scale cultivation of exten- 
sive areas as in other countries is not possible here nor can a uniform 
method of cultivation be followed for any crop Roughly about a fourth 
of this area or about 5,00,000 acres of land is now used for the cultivation 
of tapioca 
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Tapioca plant can withstand long-continued and extreme drought 
but the seed canes need abundant moisture to sprout The cultivation 
of this crop in Travancore is thus regulated with reference to the two 
monsoon seasons In central and north Travancore the crop known as 
' karkadaka kappa ' is harvested in the month of Karkadagam (July-August) 
and the land is prepared for fresh planting by October when the N E mon- 
soon rains render suitable conditions for seed canes to sprout well In 
south Travancore. however, cultivation commences m April or May depend- 
ing on the S W monsoon for its water supply and the crop is harvested in 
January or February As December to April arc the dry months of the 
year, the central Travancore crop has to pass through the entire dry 
season Although this is a serious disadvantage, the fact that this crop 
gets the full benefit of the entire S W monsoon rains during the period of 
maturity may perhaps be an advantage m tuber development This how- 
ever has to be ascertained by comparative yield trials 

The ground is prepared for planting by ploughing followed by a 
harrowing to smooth off rough edges of the field The seed canes are 
cut in pieces 6-8 inches in length, and the cuttings are planted erect, 
usually two in each pit The pits are usually 2\ 3 feet apart Cattle dung 
and ash are the only manures, employed either in pits before planting or 
as basic dressing before ploughing the field In some places plantmg is 
on small mounds 3 feet apart with three cuttings in each mound Except 
for a weeding operation when the ground is carefully loosened after about 
a month, little or no care is given to the crop Two or three buds grow 
from each seed-cane These grow up and may become branched, develop- 
ing leaves rapidly on the elongating axis As the plant becomes mature 
all but a few stunted leaves at the top are shed Harvesting is done at 
this stage either by digging up the tubers if the soil is hard or puUing up 
the plant with the tubers The yield of tapioca is as variable as that of 
other cultivated crops, depending on the nature and fertihty of the soil 
as well as the quality of the seed canes On an average 2-2| tons per 
acre is considered a fairly good return by the ryot 

V Genetical Work on Tapioca 
1 Hybridisation — Intervarietal 

Tapioca is essentially a vegetatively propagated plant, although most 
of Its varieties flower profusely and set seeds In order to undertake 
genetical studies on this plant, the conditions necessary for the germina- 
tion of Its seeds had first to be ascertamed Seeds of three local varieties 
were collected and extensive germmation trials were made m the Botany 
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Department In the first set of experiments no seed germinated even after 
three months The seeds were then subjected to certain pre-treatmeots. 
In one set of experiments the seeds were soaked for varying periods before 
sowing in pots This too dic^ not yield favourable results In another 
set the testa at the hilum region of the seed was rasped before plantmg m 
seed-pans Out of thirty seeds thus treated, one seed germinated Soak- 
ing the seeds for 2 3 days maintaining a constant temperature of 35-37“ C 
was found more successful Petridishes with moist sand and 4-6 seeds 
in each were left for one week in an incubator at a constant temperature 
of 37“ C The seeds responded to this treatment well and within a week 
almost all seeds sprouted At this stage the seeds were transferred to the 
field On an average about 80% of seeds thus transplanted grew up into 
vigorous plants 

Having thus evolved a technique for hastening germination, hybridi- 
sation was taken up on eight varieties of tapioca grown in a small plot 
of land behind the University Office Tapioca flowers being unisexual, 
cross-pollination is easy Female flowers to be crossed were covered over 
by muslin bags eaily in the moinini? of the day they open Usually 
these flowers open by about noon Mature male flowers (of plants 
selected as male parents) are then collected in a dish with a little water 
just before these flowers open Polhnition of the ‘bagged’ flowers is 
then effected by carclully opening the muslin bag and rubbing the anthers 
of a male flower on the stigma of the female flowers The bag is again 
tied round the female flower and the ovary is left undisturbed to ripen into 
fruit Usually the fruits ripen fiom 80 100 days after pollination The 
hybrid seeds obtained by reciprocal crosses of five varieties of tapioca 
were grown and the plants were studied with reference to their cytology 
and genetics by one of my research students, Mr T J Koshy Meanwhile 
Mr A Abraham, Economic Botanist, also undertook hybridisation work 
at Kayamkulam Over 1,300 hybrid seeds belonging to 122 crosses were 
obtained by him With the organisation of a Research Farm for tapioca 
at Trivandrum further work on this crop plant became possible Over 
700 plants from these hybrid seeds were planted for yield trials in April 
1945 The weight of the tubers of each hybrid plant was recorded during 
harvest and a selection of 173 plants was made lor further work Of 
these, 91 plants with ten replications of eath were planted in a plot 220 ft. 
X 32 ft , 41 plants with five replications of each in a plot 120 ft x 14 ft , 
and another 41 plants each with five replications, in a third plot measunng 
120 ft by 14 ft Plantings in these three plots have been m Balanced 
Incomplete Block experiments designed by the Stairiical Department of 

BJ 
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the University. On the basis of yield data 23 varieties have now been 
selected for the third year’s cultivation, the average yield of each selected 
variety being over 10 lbs.* per plant. The outstanding morphological 
characters of these plants together with their tuber-weights in the first 
and second year’s cultivation are shown in Table 1 



* B-Bnoduns ; E-Erect ; T-Tall , l»-low-Bpreaduig ; hs-high-spreading ; F-Flowering ; 
(F)— Non-flowerins. 


By continued selection work on these lines it would be possible to 
make a final selection of a few which are markedly superior to the remain- 
ing in yield. These selected varieties of hybrids will be multiplied and 
made available to the ryot for extensive cultivation. 

2. Interspecific Hybridisation 

Tapioca has a closely related plant Manihot glaziovii (ceara-rubber 
plant) in Travancore. It is also a native of tropical America having been 
introduced in this country about the same time as tapioca. Before Hevea 


* At tome 4,500 planU tre grown per icre, an average yield of lOlbt. per plant corra- 
ponda to a yield at 20 toot per acre. 
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rubber plants became more popular for the rubber plantations of Travan- 
core, ceara-rubber was under cultivation here, though on a limited scale 
It IS a medium-sized, spreadmg, quick-growing tree 40-50 feet high Inter- 
specifiL hybridisation between tapioca and ceara was undertaken by 
Mr A Abraham at Kayamkulam with a view to introducing, if possible, 
favourable genes into tapioca Cross-pollination with ceara-rubber plant 
as female parent was not successful while from 391 crosses with 13 varieties 
of tapioca as female parent, 8 seeds were obtained Three of them germi- 
nated and grew up as tall, robust plants Of these, hybrid 34 x R* 
exhibited the phenomenon of gigantism more markedly than the other 
two. 63 < R and 29 x R All of them were difterent from either the 
tapioca or the rubber parent Hybrid 34 R was pulled out when 14 
months old T ubers of medium thickness, but longer and more numerous 
were seen developed on it The other two plants are still growing in the 
Farm with a ceara-rubber plant nearby These arc shown in the adjoining 
photograph (hig 7) 

The outstanding morphological characters of hybrid 63 x R are 
shown in Table II along with the characters of its parents lor comparison 
Table II 


Morphologj 

1 Parent No 63 

Hybrid 63 XR | 

Af glatiavii 

Growth hab t 

Liect tall branching 

Irei-t very tall bran 
ching at 10 

A tall tree 

Stem 

Grey with nodal swell 

Reddish bioan No 

Reddish 1 rown No 


nodal swellii f. 

nidal swellings 

Petiole 

1 urple 

I urple 


Leaf 

7 lobed middle bioad 

3 7 lobed middle br ad 

6 7 lobed hstal broad 

Age at flowering 

4-6 months 

lS-14 months 

12-14 m nthi 

Male flower 

Pale green 

Pink 

Green 

Fniit 

Darh green 

Green with violet tinge 
at baei. Pedicel violet 

Deep green 

Fruit wingi 

Prominent 

N t priminent violet 

No Wing* 

luber skin 


Yellowish brown 

Dark brown 


Pmk 

Pale pink 

Cream 


As there is marked variation in the shape of the leaves, a mature leaf 
from each of these plants is shown m Fig 8 A 


During last year this hybridisation work was continued and 38 plants 
were obtained They have also grown up into as robust plants as the first 
three plants The female parents of these hybnds with the number of 
plants obtained in each cross are shown below 





8 Var at on n leaves of A (1) Tap oca No 63 (2) Rubber plan and (3) Inter 
Hybnd B (1) No 27 Wpiota (2) 34 x R Hybnd (3) '’4 R x 27 C (1) Tetraploid 
Diploid No 63 (3) Tnplo d type 


29 X R 
32 X R 
36 X R 
38 X R 
48 X R 
51 X R 
61 X R 

73 X R 

74 X R 


9 plants 

2 (Male sterile) 

S (Male sterile) 

5 
4 
1 
4 
2 

6 
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Although all these plants have also flowered, plants denved from 
female parents Nos 32 and 36 have only sterile male flowers In their 
external appearance these hybnd plants are markedly different from either 
the tapioca plants or the ceara rubber plant The nodal protuberances 
characteristic of tapioca stems are absent in them although leaf-scars are 
well marked out The colour of the stem is usually seen to approximate 
more closely the female tapioca parent than the stem of the rubber plant 
The first few leaves of the plant resemble the rubber plant more closely 
than those of tapioca It is significant however, that as these plants grow 
up, the leaves gradually become so transformed as to resemble more closely 
the tapioca type Fig 9 illustrates this aspect of hybrid growth very clearly. 
It is a photographic reproduction of three plants, a seedling of ceara-rubber 
(A), a hybnd seedling 74 x R, (B) and a young hybrid plant grown from 
a cutting of 34 X R (C) The leaves of the ceara-rubber plant can easily 
be recognised by the 5-lobed obovate, close set leaves In the hybnd 
plant B, the lobes of the first formed leaves are obovate, but have acute 
tip After forming about a dozen such leaves, they become narrower as 
seen in the upper leaves of hybrid B, approximating the leaves of tapioca 
In the mature hybnd plant the leaves are closely similar to the tapioca 
type as seen in plant C, which is derived from a cutting of the hybrid 
Further work on these has been directed on (1) back-crossing, and 
(2) self-polhnation 

3 Back-crossing 

Using 29 R as male parent on variety No 29 four seeds were obtained 
Hybnd 34 R was back-crossed with two varieties similar to 34 (Nos 27 
and 63) The seeds obtained by this have been planted and two plants — 
one belonging to each parent— have grown up Fig 8 B shows a typical 
leaf of No 27 (1) of hybnd 34 R (2) and of hybnd 34 R x 27 (3) 

Outstanding morphological characters of these are shown m Table m 
Table HI 


Merpheleg; 

Hybrid 34 R (Male) 

No 27 (Pemale) 

Hybrid S4 R K S7 

Growth habit 

Tall spreading in am 
brella form 

Low branching 

Erect not branching 

Old atam 

1 ight brown 

Orey 

Light grey 

YooBg ■tem 

Yellowish preen 

Deep green 

Deep green 

Petiela 

Bright red 

Red 

Green with violet tinge 

Sbpala 

Bifid small 

nifid with Tiolat base 

Tnfid prominent 

Badleaf 

Pole green 

Pink 

r Ight green 

Aga at flowanna 

12-14 months 

4-S months 

Not fiowerad 
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Hybrid 63 R did not yield any results in back-crossing Extensive 
hybridisation work has also been conducted using these hybrid plants as 
male parents on a number of tapioca varieties as shown below 


Female Parent 
29 < 29 R 
29 X 34 R 
51 X 34 R 

61 X 34 R 

62 X 29 R 
62 X 34 R 
74 X 34 R 
78 X 34 R 
98 X 29 R 
98 X 34 R 
98 X 34 R 


No of seeds 
9 

5 

6 
30 

1 

8 

1 

4 

7 

9 

9 


The behaviour of these seeds will be studied during the ensuing season 
One of the significant results of back-crossing has been the evolution of 
a few hybrid plants which are either non-flowering or self-sterile The 
agricultural importance of evolving sterile varieties by this method in a 
vegetatively propagated crop plant like tapioca, needs further investiga- 
tion Although over 100 self-pollination trials were made, only one 
seed and that from 29 R has been secured In another set of trials these 
hybrids were used as female parents Tapioca variety No 38 on 32 R 
produced 6 seeds. No 29 on 36 R— 2 seeds and No 38 on 36 R -2 seeds 
Detailed geneticdl study of these different categones of hybrid seeds will 
be undertaken during the ensuing cultivation 

Interspecific hybndisation work on the lines detailed above appear 
to be very fruitful However promising the present results, the final 
selection of suitable strains has to await further yield trials The 
tubers formed in them are edible though more fibrous or woody Owing 
to the vigour in growth and the prolific tuber production in them, one 
can reasonably hope for promising results in tlus line of work 


4 Evolution of Polyploid forms 

The diploid number of chromosomes m M uttlissima is reported to 
be 36 Recent genetical work has established the fact that by inducing 
duplication of chromosome sets in certam cultivated plants, substantial 
increase in yield can be obtamed Inducing duplication of chromo- 
somes thus appeared another fruitful hne of work for tapioca By repeated 
trials at Kayamkulam it was found that 5% solution of colchicine boiled 
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with agar agar was effective on young buds The solution was apphed 
nine times at intervals of three hours on buds of hve varieties of tapioca 
On variety No 10 the solution was applied on ten of its cuttings Four 
of these developed forms markedly different from one another and also 
the mother plant They are recorded under numbers 2/10 3/10 8/10 
and 10/10 Of these 8 10 is non flowering while 3 10 and 10/10 are 
profusely flowering and 2 10 flowering only spnrsely The chromosome 
number of 2/10 has been ascertained as 72 (4 n) by Mr A Abraham Its 
tubers are stouter but the nnd is at least twice as thick and the starch 
grains much larger than in normal types indicating that the chromosomes 
have been dupheated Apparently divergent forms were obtained by 
this method on variety No 3 Two distinct forms obtained from it were 



Pn 11 Varnlioo in leaf Forna of Polyploidi 
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found very promising in yield These are included as 3Pi and SPg along 
with other high yielding varieties for further yield trials (vide Table II) 
Vanety numbers 26, 32 and 36 were also subjected to this treatment and 
the forms denved from them are under observation Fig 10 is a photo- 
graph of a normal No 32 plant (N) with a polyploid (P) denved from it 
Vanation in leaf-form in polyploid types in the four varieties detailed above 
is shown m Fig 11 

Owing to the minute size of chromosomes and the poor reaction of 
cells to most of the known fixatives the cytology of these polyploid forms 
has not yet been fully worked out The marked variation of these forms 
in regard to external characters from their parent types is, however, indi- 
cative of chromosomal changes The outstanding morphological charac- 
ters of these forms m relation to their parent types shown below in 
Table IV would give an estimate of the extent of such variation As in 
the case of hybrids continued selection work based on yield data should 
enable ultimate selection of outstanding forms for propagation 

5 Evolution of Tnploidi 

The possibihties of evolving improved strains of cultivated plants by 
increasing their chromosome numbers aic not fully known , but the improve- 
ments achieved in triploid varieties of apples and pears (Nilsson-Ehle, 1938) 
justify the hope that evolution of tnploid \ irietics in tapioca may lead 
to the improvement of this crop plant True tetraploid (4x) forms when 
crossed with diploid (2x) varieties give rise, among other methods, to what 
are known as triploids (3x) Although it has not been established that 
the colchicine induced forms obtained from tapioca are definitely tetra- 
ploids, the effect of crossing these plants with the varietie. now under 
cultivation (diploid types) was worth investigation A start has therefore 
Tabil V 


Morpholojty 

Oiploid I 

riipioii* 1/10 X as 1 

I olyploidl 3 10 


Tell braDchinii 1 

1 Non 1 ran hing 

rail brinching 

Old Item 

Grey with violet liigL 

Li|,ht 1 ra«n nodtt cloae 

Deep brown node iwell 



ingv prominent 

Young Item 

Green wilh red ^tieeks 

Dark green with red 

Yellowish green 

Petiole 

Red nilh violet tinge 

llright red drooping 

Deep pink 

btlpale 

Pronunent unbrenthed 

1 fid nith red bite 

Lol ev with red base 

Le^ 

Broad middle 

Broad middle 

Uroad disnl 

Bndleef 

Green 

Pale green with violet 

1 ink 

Age It Boererlng 

4-6 mooihi 1 

Not fiewered 

6-8 months 
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been made with polyploid 3 10 as female parent and varieties 27, 28, 38 
and 63 as male parents 10 plants were obtained and they are under obser- 
vation in the Farm A typical leaf each of the tetraploid, the diploid 
and the triploid is shown m Fig 8 C The morphological features of 
these plants arc given in Table V 

6 Evolution of pure varieties of ^Tapioca 

The genetical behaviour of the different varieties of tapioca as also 
the large number of forms now cultivated in Travancore would make one 



Pn 12 A lypical leaf of No 47 1,2 3 typea of leave* eeen in the progeoy of No 47 
B. ’I>piGal leaf of No 49 1,2 type* of leave* teen in the progeny of No 49 C Typical 
leaf of No 74 l-typica1 leaf of plant of the progeny varying in external characten from 
No. 74. 



The Tapioca Plant & Methods for Eiolving Improved Strains 55 


suspect if all of them are true varieties It is likely that chance hybndi- 
sation occurring m nature would become perpetuated as the plant is vege- 
tatively propagated One of the fundamental problems for solution 
therefore is to And out how many of the indigenous types of tapioca 
are true varieties breeding true to parental types and how many of them 
are only hybnds Continued self pollination for successive generations 
of hybrid progeny would enable segregation of pure strains from hybnds 
A start was therefore made this year on four varieties (Nos 38, 47, 49 
and 74) by selling them in order to study their genetical behaviour 
19 plants were obtained from No 38, 6 from No 47 3 from Nos 49 
and 2 from No 74 Segregation was clearly seen in the progeny of all 
of them Extent of vanation of leaf form characteristic of the different 
groups into which the progeny of these can be classified is shown in 
Fig 12 Outstanding morphological characters of the prominent types 
formed by this method are shown in Tables VI and VII 
Tabif VI 

Morphology j Normal No 41 | Type I | 1>1 2 j lypeS 

Growth habit Tall branching 1 all brio 1 ini, ■ Pr fuiely 1 1 nch Low I ranching 

‘ 

Old Item light brown Brow lUirktrown Brow ii with white 

sue ks 

PetioU Red middle Mr ght red mi Idle I I ii,ht re I mi Idle 1 ihtied mid He 

yellowish yellowish yellJwish yell wiiih 

Leaf 6-7 lobed 1 7 1 Ud 1 lol d 7 lobed 

Age at dowering 4-6 months 8 U montl s 1 6 7 m nths N t Howere I 

Male flower Yellowieh tretii Sterile I Yellowish whit 

Froit wings I rominent pink Ink wa y stalk link wavy stalk 

pink pink 


Morphology Normal No 4# 


Growth habit rail branching 

Old Item Grey 

Voong stem Green 

Petiole Upper red lower yelk 

bdpole S-fid red base 

Leai 6 7 lobe I 

Bndleaf Pink 

Age at flowering 4-6 months 

Mai e flow en Greemah wbi te with 

reddish yellow disc 
Female flowen Greemah yellow 


Type 1 1 ype 2 


Fret notbranchc.! Profusely branching 

Blown Brown 

V ellowish gr«.i n \ ellowish green 

Red w ih mi Idle yellow Red with mi Idle yellow 
3-fid led base 2-fid red baac 

7 lobed 2SluleJ 

Green Green 

Non flowering 8-7 months 

. Opsn only partially 
greenish 

Open paitially ly alit 
between perianth lobes 
Few 

Reddish 


Fmiu 

Tnber 


Nnmeroas 
White thick 


Keddiah 
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* Selfing ’ was repeated on one of the six plants of No 47 and 30 
seeds have been obtained One of the progeny of No 49 by selfing has 
given 12 seeds In addition, varieties 17, 27, 56 and 98 have also been 
selected for selfing and 4, 143, 41 and 146 seeds respectively have been 
collected These seeds will now be planted for further study 

VI Chemical Composition of the Tubers 

According to an analysis made in the Bureau of Chemistry of the 
U S Department of Agriculture (Tracy, 1903), the chemical composition 
of dry tapioca tubers is as follows 


Constituents 

per cent 

Moisture 

5 76 

Ether extract 

42 

Crude fibre 

S 08 

Pentosan 

2 63 

Starch 

64 28 

Protein 

2 98 

Ash 

1 96 

Sugars, soluble 
cellulose, etc 

16 89 


The proportion of water in the fresh tubers varies with the nature of 
the soil and the time of harvesting On an average about 66 per cent 
of the tuber is water Hence the constituents of the fresh tubers will be 


Moisture 

66 00 

Ash 

71 

Protein 

1 07 

Crude fibre 

1 83 

Starch 

30 24 

Ether extract 

15 


As a food stuff the carbohydrates are largely in excess in tapioca with 
a nutritive ratio 1 28 S instead of I 7 which is accepted as the standard 
for a balanced diet Fortunately Travancore^does not lack fish and other 
nitrogenous food stuff nch in proteins It should therefore be possible by 
a judicious combination of these with tapioca to have a balanced diet 

The results of analysis of tubers of 27 varieties of tapioca, conducted 
in the Division of Applied Chemistry (Public Analyst’s Section) of the 
Central Research Institute of the Department of Research of the Uni- 
venity, are shown below. 
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SI 

to 

No 

uaple 

Compoa to of aw tube % % 

(n 

on of ed ble po t on 

D u p f ee) 

SUrch CO 
tent of rm 
tube % 



R nd 

Edble 
_E “ 

Mo ure 1 

^ 1 

^ 1 

HPN 1 

1 

1/10 

14 4 

86 6 

68 7 

81 7 

2 10 

0S4 

21 0 

2 

2/10 

22 6 

77 5 

76 4 

86 7 

2 80 

173 

16 4 

S 

8/10 

13 0 

87 0 

67 4 

8b i 

1 6 

60 

24 5 

4 

8/10 

16 1 

83 0 

71 6 

81 4 

1 76 

064 

16 6 

S 

10 10 

14 1 

86 0 

68 7 

81 7 

•> 16 

042 

22 0 

e 

21 

14 2 

8r 8 

60 

86 8 

1 06 

on 

0 4 

7 

22 

18 3 

81 7 

0 1 

82 0 

1 8 

043 

27 0 

B 

28 

16 6 

83 6 

66 6 

81 7 

1 4 

010 

24 0 

B 

28 

16 0 

84 0 

74 8 

81 1 

2 10 

061 

17 2 

U 

20 

18 2 

81 8 

61 7 

86 0 

1 

U18 

26 6 

1 

30 

21 1 

78 0 

63 8 

82 J 

80 

032 

SO 2 

2 

32 

14 1 

8 0 

rs 7 

00 1 

1 7 

021 

32 0 

3 

3S 

11 5 

88 6 

68 8 

8 

1 

18 

26 1 

4 

86 

10 7 

80 3 

70 b 

12 4 


042 

10 4 

5 

38 

16 1 

73 0 

68 6 

81 7 

1 8 

016 

25 0 

8 

47 

17 0 

82 1 

70 8 

82 4 

1 7 

88 

18 4 

7 

40 

18 6 

81 4 

67 

84 8 

1 7 

027 

22 6 

8 

54 

16 6 

84 6 

67 

8 4 

' b 

01 

21 1 

e 

re 

18 0 

HI I 

i 8 

8 6 

1 H 

oil 

6 8 

10 

67 

17 1 

82 0 

6 8 

78 1 

1 

J 

26 4 

!1 

61 

ir 2 

84 8 

67 6 

8S b 

1 7 

021 

21 8 

■2 

82 

15 0 


01 

80 3 

a 

2 

20 7 

11 

61 

17 8 

82 3 

68 

86 1 

1 16 

021 

20 0 

!4 

73 

15 1 

84 0 

66 2 

8 b 8 

1 6 

28 

’5 8 

IS 

74 

lo 7 

84 3 

68 6 





» 

75 

lb 1 

81 0 


I HI 4 

1 SO 

017 

31 0 

17 

08 

16 0 

84 1 

1 60 8 

1 8 b 

1 S 6 

04o 

27 2 


Six out of the 27 samples have hydrocy i content more than 50 
mgm per 100 gms of dry tuber and it is sitnificmt tint three these are 
in polyploid forms How fir nducing polypbidy n this plant is asso 
ciated with increase in HCN content is a matter for t irther ivcstigation 
It is also worth recording how one of the polyploid forms 2 10 with a 
tuber rind about four times the normal thickness sh iwed 173 mgm of 
HCN This should mean that there is a probible correlation between 
nnd thickness and HCN content in these tubers 

VII Summary 

By the application of genetical methods detailed ibove a good number 
of new strains of tapioca and tapioca x ceara hybrids have been produced 
These strains are grown for yield trials with a view to selecting high 
yieldmg strains therefrom The selected strains will soon be made avail 
able to the ryot for cultivation Side by side with this line ot mvestiga 
tion experiments are also undertaken to ascertain (1) best mode of 
planting seed canes (2) optimum spacing for plantng (3) number of 
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plants per pit, (4) effective manures for the crop and (S) best period for 
harvesting All these experiments are conducted on statistical design 
furnished by the Department of Statistics in the University Owing to 
the fact that this line of work pertains to the agronomical aspects of this 
crop. It IS proposed to embody its results in a separate paper Meanwhile 
the above account of the applications of genctical methods for evolving 
better strains of tapioca, is piesented as the first paper from the Tapioca 
Research Farm in order to stimulate further work on this important 
crop plant calculated to improve its cultivation in Travancore 

In conclusion the author wishes to record his grateful appreciation 
of the interest evinced by Rajyasevapravina Dr K L Moudgill, Director 
of Research, in promoting this research work on tapioca He also wishes 
specially to acknowledge the valuable contribution made by Mr A 
Abraham, hconomic Botanist now on deputation for advanced training in 
America, and the assistance rendered by the stall of the Research Farm, 
in the progress of this work 

Thanks are also due to Sachivottama Sir C P Ramawamy Aiyer, 
Dewan of Travancore and Vice Chancellor of the University, for the 
munificient endowment of Rs 1,000 a month from which this work is 
being financed 
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Explanation of Tfxt-Figures and Pu^tes 

Fig 1 The tapioca plant x 1/20 rhe foil level is Oiown by the line at base 
Pig 2 Young plant growing Trom a cutting x 1/8 Two buds have sprouted 
Fig 3 Flowers and fruit of tapioca v | a Inflorescence B 1 Female flower 
2 L S of same 3 Ovary showing basal disc 4 C S of ovary S L S of ovary 

showing obturator pissing through inicropy e of the ovule 6 Seed showing caninde 
C 1 Male flower 2 Perianth removed showing the two whorls of flowers 3 One stamen 
enlayed 4 Disc 

Ftg 4 Photograph showing three seedlings (N it size) 

Fig 3 A Macroscopic view of the cut end of stem scl sclcrenchyma B Microa- 

copic view in T S x 240 Co/ —Collenchyma scl Sclerenthymi / ► Utes vessel xy xylem 
p pith C Latex vessel seen in tmgenti il view / v latex vessel 

Fig 6 ATS of young root Cot Coriex Fnd Endodern is Xy Xylem Pk Phloem, 

B Macioscopic view of the cut end of tuber C Microscopic view of T S sit Skm 

XV Xylem Pr xy Protoxyleni D Stirch trams in cells of tuber E DiflerenI sizes of 

starch grains 

Fig 7 A Ceara rubber plant B Intuvpecific hybrid 63 Rubber Plant C Hybnd 
29 X R Age 18 months 

Fig 8 Variation in leaf forms in Interspecific hybrids 

Fig 9 Miotograph of young ceari rubber and interspec lie hybrids A Ceara rubber 
(dant B Hybrid seedling 74 R C Cutting from hybrid 34 R 

Fig 10 Photographs N Norm il tapioca plant P Polyplo d from derived from it 
Fig 11 Variauon in leaf forms ol polyploids Leaf lorms of polyploids are shown on 

the right and normal plants on the left Numbers represent variety numbers 

Fig 12 Variation m leaf forms m the self pollinated progeny of A Leaf of No 47 
12 3 represent types of leaves lound in the dilTereni plants obtained by selfing it B Leaf 
of No 49 1 and 2 represent types of leaves m the progeny ind C A leaf of No 74, with 
type of leaf m one of its progeny 



A NEW RUST ON DALBERGIA PANICULATA ROXB 

By T S Ramakkishnan and K Ramakrishnan 

(Mycology SeeUon Agricultural Rt search Institute Coimlatore) 

RetLived June 20 1947 

(Communiiated by Dr T S Sadasivan m sc ph p , » a sc ) 

In 1946 the writers collected a rust on Dalbergia paniculata Roxb from 
Walayar (Malabar District South India) An examination of the fresh 
material of the rust indicated that it was different from those already 
recorded on related hosts and it is described below as being new 

The uredia are hypophyllous or caulicolous, small and bright yellow 
The son develop just below the epidermis which is burst through by the 
sporogenous cells The urcdiospores are globose or subglobose, stipitate, 
borne on short stalks which originite from the apices of cylindric branched 
or simple basal cells (Text Fig 1 a) Tach basal cell gives rise to varying 
numbers of pedicellate uredtosporcs Two kinds of urediosporcs can be 
distinguished One type his thin hyilinc wall with prominent echinulations 
while the other has a thicker wall with less pronounced echinulations Both 
have yellow contents The proportion of the two kinds of spores vanes in 
different son and sometimes only the second type is present The spores 
measure 15 x 13 (12 19 < 9 14 /i) On the twigs also the sorus develops 
below the epidermis and bursts through this layer exposing the spores In the 
tissues of the branch the hyph c are seen to extend as far as the pith region 
(being present in the cortex and vascular tissue also) which suggests that 
the mycelium may remain in the tissue producing new crops of son for a 
long time 

Telia appear as buff to ochiaceous buff, waxy, pulvinate, gregarious 
crusts amphigenously on the leaves and sometimes on the stem The telio- 
spores are seen in old uredia also The exact place of origin of the telium 
IS difficult to determine It seems to be inlra epidermal forming a two to 
three-layered tissue from which basal cells project out above the level of 
the epidermis There is no evidence of the epidermis being pushed aside 
or burst through It is difficult to clearly differentiate the epidermal cells 
in the region of the sorus, but vague outlines of the epidermal cells con- 
taining the lower cells of the sorus can be made out in portions of the sorus 
Each basal cell gives rise to varying numbers of stipitate, oval to clavate, 
one-cellcd smooth and tbm walled teliospores Incurved thick-walled 
paraphyses with narrow central lumen are found along the margin and 
60 




■TDcr Fio 2 (fl) Section through a telium a 530 (6) Germinating leliospo es X 350 
Maravalia achroa (Syd ) Atth and Cumm has been recorded on 
Dalbergia sissoo Type specimen of this material was obtamed through 
the courtesy of Mr J F Dastur from the Indian Agricultural Research 
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Institute, New Delhi and exammed It was found that the telia of thu 
rust were not paraphysate The formation of the basal cells produang 
clusters of teliospores was not evident Cylindrical basal cells developuig 
groups of urediospores were not seen In these characters it differs from 
the rust under study 

The formation of intra epidermal teha suggests an affinity to Mainsia 
Though Jackson (1931) has recorded this genus on species of Rubus only, 
Thirumalachar (1947) has described M pterocarpi on Pterocarpus marsupium 
from South India In Matnsia however the urediospores develop smgly, 
and not in clusters from free basal cells Further the epidermal cells in 
the vicinity of the son are said to be considerably hypertrophied in Mainsia 
The rust on D pamculata differs from Mainsia in these respects The pro- 
duction of urediospores and teliospores m clusters from free basal cells 
indicates relationship to Scopella But m the latter genus the son are 
subepidermal and paraphyses have not been recorded in any of the species, 
whereas m the rust now described the telia are intra epidermal, and para- 
physate Thus It does not conform to any of the known genera of rusts 
and IS therefore accommodated in a new genus Scopellopsis because of 
its resemblance to Scopella in the development of free basal cells bearing 
groups of spores in the uredia and teha The rust on D paniculata is 
described as Scopellopsis dalbergia 

Scopellopsis gen nov Ramaknshnan, T S and K 

Pycnia and acia not known, uredia subepidermal, erumpent, hypo- 
phyllous and caulicolous, urediospores subglobose, echmulate, pedicellate, 
pr^uced in clusters from stout almost cyhndnc basal cells , teha amphi- 
genous or caulicolous waxy, intra-epidermal in origm, projecting ateve 
the epidermis, teliospores stipitate formed in clusters from free basal cells, 
oval to clavate, one celled, germinatmg m situ, paraphysate, with meurved 
almost solid paraphyses 

Type Species Scopellopsis dalbergia Ramak , T S and K on Dal- 
bergia paniculata 

Pycnia et acia ignota, uredui subepidermia, erumpentia, hypophylla, 
cauhcola, urediosporidia subglobosa, echinulata, pedicellata, producta m 
racemis ex cella crassa cyUndnea simphci vel ramosa, teha amphigenia, vel 
cauhcola, ceracea, plunmum mtraepidenma, projicientia super epidermem , 
tehosporidia stipitata, formata in racemis singulis celhs, ovaha vel clavata, 
unicellata germinantia in situ, paraphysata, paraphysibus mcurvatis, 
ferme solidis 

Species typica Scopellopsis dalbergia Ramak , T S and K , In vivis 
fohis et ramis Dalbergia paniculata 
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Scopellopsis dalbergue Ramaknshnan, T S and K , sp nov 
Pycnia and aaa not known , uredia bright yellow, hypophyllous some- 
times cauhcolous, subepidennal, enimpent, minute, gregarious, pulvinate 
urediospores globose to subglobose, echmulate, with hyalme wall and 
yellowish contents, ISx 13 /i, stipitate, formed in clusters from simple or 
branched, stout, cylindnc cells, telia amphigenous cauhcolous, ochraceous 
buff, waxy, mtraepidermal, spores projecting far above the epidermis, 
tehospores stipitate, formed in groups from free basal cells oval to clavate 
19 X 12 /A (14-30 X 9-1 S/t) gemimating unmediately in situ, paraphysate, 
with almost sobd meurved paraphyses 

On living leaves and stem of Dalbergia paniculata Roxb Walayar 
(Malabar). 31-12-46 T S Ramaknshnan and K Ramaknshnan 

Pycnia et acia ignota, uredia lucida flava, hypophylla et cauUcola, 
subepidermia, erumpentia. minuta, gregana, pulvinita, urediosporidta 
glob^ vel subglobosa, echinulata, murus hyahni, contenta flavida, IS x 13 m. 
stipitata, producta in raceims ex singulis celbs, crassa cybndnca, simpbu 
vel ramosa, telia amphigena, vel caubcola, silacei lutei colores, ceracea, 
intraepidermia, sporidia projiaentia super epidermem , teliosporuiuj stipitata 
fonnata m racemis singulis celbs, ovalia vel clavata, 19 x 12/4 (14-30x9-l5/i) 
genmnantia m situ, paraphysata, paraphyses incurvatis, ferme sobdis 
In vivis folus et ramis Dalbergia paniculata Roxb Walayar (Malabar) 
31-12r-1946 T S Ramaknshnan et K Ramaknshnan 

Type specimens of the rust have been deposited in the Herbanum of 
the Government Mycologist, Coimbatore, and in Herb Crypt Ind Orient , 
New Delhi 
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REVISION OF A RUST ON OLDENLANDIA SPP. 


By T S Ramakrishnan and K Ramakrishnan 
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Received June 20, 1947 

(Communicated by Dr T S Sadasivan MSc,phD fasc) 

In 1946 the writers collected rusts on Oldenlandia slylosa O Kze {Hedyom 
stylosa, Br) and Oldenlandia articularis Gamble {Hedyotis articularis Br) 
The rusts on these two hosts agreed with the description of Chryiocelis 
ascolela (Syd ) Thinimalachar An examination of the fresh matenal of 
these specimens indicated that the taxonomy of this rust was m need of 
revision 

Oldenlandta stylosa O Kze is affected by a rust on the Nilgins 
and Pulneys One or more orange yellow spots which on drying turn black 
on the upper surface arc formed on the leaf On the upper surface of the 
spot several reddish brown to red pycnia arc present These arc sometimes 
hypophyllous though more often they arc epiphyllous The pyenu arc 
sub-globose, subepidermal deep-seated, and paraphysatc with the para- 
physes projecting out of the ostiolc (Plate IX, Fig B) On the lower 
surface of the spots numerous crowded telia are seen When fresh a wax- 
yellow to golden yellow colour is presented after the germination of the 
teliospores Each telium is sunk in the tissue of the leaf A peridium is 
lacking The teliospores develop in oval broad cavities of the mesophyll 
(Plate IX, Fig C) They are one-celled clavate to cylmdrical 54 x 13 6 ft 
(37-70 X 9-18 /i), pedicellate, thin-walled and filled with yellowish contents 
The spores originate from a mass of hymemal cells, m the topmost layer 
of which the cells are laterally free and from each of which two, or more 
teliospores are developed The spores of a cluster are of varying ages and 
all stages from imtial formation to spores that have collapsed after germina- 
tion can be seen m each group originating from a basal cell Each spore 
has a pedicel which lengthens as the spore matures and may attain a length 
of 40/1 or more When scrapings of the spores arc examined under the 
microscope it is often seen that the pedicels are not complete but get par- 
tially broken The pedicel is hyaline and has a central protoplasimc strand 
with clear gelatinising portion all round Such pedicels have been described 
by Cummins (1940) for Scopella hauhmtcola Thus the spores are pedicellate 
and are produced in groups from laterally free basal cells 
64 
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The teliospores germinate in situ as soon as they are fully developed 
and at this tune the stalk elongates to its maximum so that the promycelium 
is pushed out of the leaf tissue. The promycelium is the direct prolongation 
of the apex of the spore and does not come out through a germ pore It 
is yellowish in colour, 4-celled and from each cell a big oval or round, thin- 
walled, light yellow basidiospore is produced on a sterigma The pro- 
truding promycelia get reflexed on the epidermis and masses of these give 
a waxy appearance to the telia The teliospores do not come out of the leaf 
at all but only the promycelia project out in a mass through a wide open- 
ing. The spore collapses after germination. 



Texi-Fk]. 1 A cluster of Icliorpores of SiopeUa ascotela froma basal cell X 300 

This rust was first desenbed by Sydow (1935) as Blastospora ascotela. 
Mains (1938) examined the specimen again and renamed it Maravalia 
ascotela. Thirumalachar (1942) studied it m greater detail and transferred 
it to the genus Chrysocelis as C. ascotela. Now our examination of fresh 
specimens collected at Ootacaraund in October 1946 has shown the necessity 
for a further revision of the genus of the rust. 

This rust is not Blastospora as is evident from the formation of the telia 
subepidermally. T hir umalachar includes the rust under Chrysocelis which 
hna sessile tehospores, for he does not concede that the cell below the spore 
is a pedicel though he states that this elongates and reaches 40-70/1 m 
length and “ simulates a pedicel ”. In our opinion the cell below the spore 
is definitely a pedicel, reaching its maximum length when the spore germi- 
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nates That it u a pediod u shown by its structure The central proto- 
plasmic strand with hyaline gelatinising outer portion in this cell is indicative 
of its bemg a pedicel and not any othn structure Such pedicels have been 
noticed in Scopelta by Cummins (1940) Further it is hyaline and the spore 
IS coloured With the collapse of the spore after germination the lower 
cell does not make any funber growth but disintegrates in the same manner 
as remnants of pedicels often do Thmimalachar has stated that the spore 
IS hyaline and he has not observed the difference m colour between the spore 
and Its pedicel The colour of the spore is conspicuous m fresh specimens, 
but in old herbarium specimens, or two or three months after collection 
the colour is lost and this may be the reason why the colour has not been 
described by earlier authors Mams (1938) has also descnbed the spore 
as hyaline Since the teliospores are prommently pedicellate the rust cannot 
be Chrysocelis In Maravalia the tehospores are produced smgly from the 
cells of a compact bymenium (Mams, 1939) In the rust under study exami- 
nation of nucrotome sections and dissected telia showed that the tehospores 
are formed m groups of varying numbers, each group developing from a 
basal cell which is laterally free (Plate IX, Fig A) That the cells are 
laterally free can be clearly seen m the photomicrograph of a cluster where 
a small spore is developing from a side of the basal cell which will be possible 
only if the basal cells are laterally free Each cluster contains spores m 
different stages of development For these reasons this rust cannot be 
mcluded m the genus Maravalia Judgmg from the characters of the teha 
and the tehospores it must be transferred to the genus Scopella Mams 
(1939) who founded the genus has stated that m Scopella the pycnia are 
subcuticular and hemispherical while m this rust they are subepidermal and 
subglobose This difference need not be a serious objection to mclude this 
rust under Scopella Instances are known in other genera [e g , Ravenelia 
(Arthur, 1934)] where both kmds of pycnia have been observed m the same 
genus 

The distinction between Scopella and Maravalia rests mainly on, (1) the 
compactness or lateral freedom of the basal cells and (2) the formation of 
one or more tehospores from each basal cell Cummms (1940) states that 
the basal cells are subject to variation and that there is no rule by which one 
can definitely decide when basal cells cease to be basal cells and become 
part of a compact hymenium Considering the variation that may be 
expected in the hymenial layers and takmg mto account that we are HmIhij 
with hving organisms in which machme-made uniformity cannot be expected. 
It 18 quite possible that Maravalia and Scopella are merged into one and the 
same guus, at a later tune, For the present this mcffor is not attempted 
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and as the rust does not fit in with Mains' emended diagnosis of Maravalut 
but agrees more with Scopella it is thought fit to place this rust m the latter 
genus and rev^ the name as Scopella ascotela 

A similar rust was found infecting the leaves of Oldenlandia articularls 
m the neighbourhood of Ootacamund and the Agricultural Research Sta- 
tion, Nanjanad, Nilgins Only telia were present and these formed deep- 
pink, waxy, raised patches on the lower surface of the leaves Correspond- 
ing brown areas became visible on the upper surface at a later stage Telia 
are subepidermal and sunk in the tissue Tehospores are one-celled, deep 
orange coloured with thin hyaline walls, 45 5x 12 8/i, formed in clusters 
from free basal cells, pedicellate, pedicels hyaline 36-65 x 10-14 /t, with a 
central protoplasmic strand and hyaline gelatinising outer portions Teho- 
spores germinate tn situ, producing apical promycelia which project beyond 
the surface of the leaf 

This rust closely resembles the one on O stylosa, the difference being the 
absence of pycnia and the difference m the colour of the telia and the teho- 
spores These differences do not warrant the creation of a new species 
though the host is different As the structure of the teha and the teho- 
spores and the spore size do not exhibit any significant difference, this rust 
18 also identified as S ascotela 

The diagnosis of the genus Scopella is emended as follows —Pycnia 
amphigenous, subcuticular and subepidermal, hemisphencal or globose, 
uredui subepidermal, powdery, urediospores brown, pedicellate, several 
ansmg together from a cyluidrical basal cell, basal cells free amongst 
themselves, telia subepidermal, tehospores unicellular, pedicellate many 
arising from a single basal cell, basal cells free amongst themselves, spore 
wall thin, hyahne, without gerrapore, tehospores often coloured, germinating 
in situ, at once by apical prolongation of the tehospore 

Scopella ascotela (Syd ) Comb nov Ramakrishnan and Ramaknshnan 
Synonyms Blastospora ascotela Syd 

Maravalia ascotela (Syd) Mains 
Chrysocelts ascotela (Syd ) Thirumalachar 
Pycnia amphigenous mostly cpiphyllous, grouped in the rust spot, sub- 
epidermal, subglobose, sunk in the tissue 155-207 x 1 10-125 uredia and 
ecu not known , telu hypophyllous, subepidermal, clustered in the region 
of the spot which is thickened, waxy-yellow to golden yellow or pink, 
tehospores one celled with yellowish or orange coloured contents, clavate to 
cyhndric, pedicellate pedicels hyahne up to 65 jx long, produced m groups 
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on laterally free basal cells, the spores in a group being in different stages 
of development, 54 x 13 6fi (37-70X 9-18;*) germinating in situ by the 
prolongation of the spore apex into ephemeral yellowish 4-celied pro- 
mycelium, basidiospores round or oval, hght yellow. 

On living leaves of Oldenlandta stylosa O. Kze. and Oldenlandia articu- 
laris Gamble. Ootacamund, Nilgins, 22-9-1946 (T. S. Ramakrishnan). 

We gratefully acknowledge the help received from Dr B. B. Mundkur, 
New Delhi, and from Mr. K M. Thomas, Government Mycologist, Coimba- 
tore, in critically reading through the manuscript and offering suggestions. 
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AERATION AFFECTING GROWTH AND 
SPORULATION OF SOME SOIL FUSARIA IN 
LIQUID CULTURES 

By (Miss) T S Sarojini and (Miss) L Yoglswari 

{UnnersUv Botany Laboratory Madrai) 

Rocciv«d May 2 1947 

(Communicaled by Dr T S Sadasivan, fa sc) 

Introduction 

The effect of aeration on the growth and sporuiation of the genus Fusariwn 
has not been studied in detail , but it is commonly recognised that aeration 
removes the stale gases of metabolism and ensures a pure supply of oxygen 
thereby acceleratmg the growth of a fungus both in the soil and in a pure 
culture medium 

Almost the first convmcmg evidence on the importance of aeration 
in the spread of soil-bome fungal infections of plants was presented by 
Garrett (1937) Indeed, Garrett (1936) classified Fusanum vasinfectum and 
other Fusaria under “ diseases favoured by light soils” Experimental 
proof was presented by him (1936) in a decrease m growth rate of the fungus 
Ophiobolus grammis when sand was mixed with an inert substance like pure 
^na clay , the decrease being conditioned by the decrease in soil aeration 
However, evidence of a similar kind on the pure culture side had been lack- 
mg and, therefore, a study was made with Fusariunt vasinfectum, F monili- 
forme, and F udum (isolates from cotton, paddy and pigeon pea root-rots) 
by growing these fungi in aseptically aerated hquid culture solutions con- 
taining various organic and inorganic nutrients The results have generally 
confirmed previous observations on the soil conditions and the occurrence 
of Fusanum root infections 

Material and Methods 

The standard synthetic medium of Horne and Mitter’s (glucose = 2 gra , 
potassium nitrate = 2 gm, potassium phosphate (tribasic) = 1 '25 gm , 
magnesium sulphate = 0 7S gra , starch = 10 gm, distilled water=1000 
ml ) was used throughout without the agar The standard medium con- 
tained 0 028 gm of nitrogen in the form of potassium nitrate per litre and 
not asparagm as the source of nitrogen All the strains of fungi used were 
pure culture isolates and were type cultures received from authentic sources 
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1 2 
Text Figs I 2 —Fig I Shows micro-conidiBl production at varying nitrogen levels in 
aerated and non aerated senes in Che three F saHa Fig 2 Shows macro conidial production 
at varying nitrogen levels in aerated and non aerated series in the three Fiuarfa 

Aeration was effected by connecting in a senes 250 ml Erlenmeyer flasks, 
containing the sterilised liquid cultures previously inoculated with the fungus, 
to an air pump The rate of flow of the air was adjusted at 660 ml per 
minute and the mcoimng current of air was made aseptic by passing through 
disinfectants contained in Woulff s flasks The expenments were earned 
out at laboratory temperature, which fluctuated between 25“ C -30“ C 
Aeration was started twenty four hours after moculation , 0 1 c c of inocu- 
lum from liquid cultures bemg added to each flask Spore numbers were 
determined quantitatively, the counts being taken under oil immersion 
by shiftmg the field to one division of the stage vernier m any of the four 
directions in a coverglass area of 7/8 sq ' 

For quantitatively determining the growth of the fungi, fungal mats 
were removed at two different penods of growth viz , 10 days and 21 days 
after moculauon, filtered and subsequently dried m the oven at 70°-80“ C , 
to constant weights They were then mcmerated to detenmne ash weights 
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Experimental 

/ Effect of aeration on sporulation at various nitrogen levels 

A combined experiment was set up to find out what efTect aeration and 
variation in total nitrogen had on sporulation Flasks containing SO ml 
of Home and Mitter’s medium with varying concentrations of nitrogen 
were aerated, aeration being started 24 hours after inoculation and con- 
ducted intermittently at the rate of two runmng hours per day Another 
senes of non-aerat^ control flasks was maintained and cultures were exa- 
mined one week after moculation and the results are graphically presented 
m Text-Figs 1 and 2 

These figures show that sporulation is optimum at 0 2% potassium 
mtrate concentration m both the aerated and non aerated senes However, 
aeration is detnmental to optimum spore production (both micro- and macro- 
comdia) in -any concentration of total available mtrogen 

Microconidia are prolific whereas, macroconidia are very few in com- 
parison and among the three fungi P vasinfectum shows higher micro- and 
macro-conidial formation than the other two species 

11 Effect of aeration on sporulation and pH of culture medium 

As root infecting fungi are in general strong aerobes, it was doubtful 
whether the depressing effect on sporulation could be attributed to the direct 
efiect of aeration It seemed more probable that continuous aeration 
possibly had something to do with altenng the pH of the medium to an 
unfavourable level resulting m reduced sporulation Therefore, examina- 
tion of cultures for pH values before and after specified hours of aeration 
was undertaken and an experiment started to find out whether aeration 
altered the pH in any way 

For each species of Fusarium six flasks contaming liquid cultures were 
used and connected to the air pump, thus having three series, of six flasks 
for each fungus, with similar numbers for the non-aerated control Initial 
pH values were taken pnor to aeration for both the series All the 3 series 
were aerated for two hours, one flask from each senes bemg detached and 
pH values taken for the three fungi whilst determining at the same time pH 
values for the control senes It must be mentioned here that aseptic aera- 
tion for 2, 4, 6, 8, 10 and 12 hours of uninoculated media does not in any 
way alter the pH as compared with the non-aerated senes However, with 
fungus moculum growing, the aerated series did show nse in pH values but 
this rue from the acidic side, i e , pH 4 4 to pH 7 4 was sunilar both in 
aerated and non-aerated senes Along with final pH readings which were 
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taken on the seventh day after detachment for aerated cultures, spore counts 
were made Control series were also examined for spore numbers. This 
evidence tended to show that duration of aeration had no direct effect on 
the pH of the media but still produced profound changes in the number of 
micro- and macro-conidia produced, which effect is attributable, therefore, 
directly to aeration 

The results are graphically presented ui Text-Figs. 3 and 4 



3 4 

Tbxt-Fiqs 3-4 —Fig 3 Shows nucro-coBidul production by tbs three Fiutrfa tl difibnot 
hours of aemtioii Changei m pH ue also presented. Fig 4 Shows nucro^onidial pioduc- 
tioa by the three Pusaria at different houn of Berstioo. Changes in pH are also insented 

Text-Figs. 3 and 4 show that 

1. With increase m number of hours of aeration, spore production 
is on the decline. 

2. Percentage fall in sporulation on two hours aeration is highest in 
P. vasinfeciim, followed by F. udm and lowest m F. monillforme. 
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3. Macro-cooidia as usual are fewer in number than micro-conidia 
which appears as a uniform characteristic in all the three species. 

4. Maximum aeration brings about a marked fall in all the three cases. 

5. Duration of aeration has no effect on the pH of the culture media. 
UI. Effect of aeration on weight of fungus. 

The fall in micro-conidial and macro-conidial numbers noticed in 
Experiment I under aerated conditions in liquid media containing varying 
amounts of nitrogen necessitated the study of the behaviour of the mycelia 
of the three species of Fusarium from the quantitative point of view. It 
has been shown recently in this laboratory by one of the authors (Yogeswari, 
unpublished) that variation in the dry and ash weights of Fusaria growing 
in liquid cultures with different nutritive substrates, can be very accurately 
determined quantitatively, with suitable replications within treatments. Thus, 
it was noticed that aeration of the liquid cultures considerably increased 
both dry and ash weights of the mycelial mats in all the three species of 
Fusarium under investigation. The details of the results of this experiment 
are presented diagrammatically in Tcxt-Figs. 5 and 6. 



llWtiui 

Text-Fio. S. Show! dry weishts of the three Fu\arUi alter 10 day* and 21 days growth ii 
aerated and non-acrated cultures. 


Text-Fig. 5 shows that 

1. Dry weights of the three Fusarium spp. in aerated and non-aerated 
cultures taken after ten days are higher than those determined after twenty- 
one days. 



74 


(Miss) T. S. Sarojini and (Miss) L. Yogeswan 

2 (a) F vasinfectum in both ten-days old and twenty-one days old 
aerated cultures shows better growth over the other two fungi 

(b) F monihforme shows lowest weight 

(c) In non aerated ten day old cultures F monihforme shows a shght 
increase in dry weight over F vasinfectum and F udum 

(d) In non-aerated twenty one day old cultures fall in F monthforme 
IS very marked being lower than F vasinfectum and F udum dry weights 

3 Difference m dry weights between ten and twenty-one day old 
aerated cultures of the three Fusaria is very pronounced in F vasinfectum 
while in non aerated cultures, difference in dry weights is most marked in 
F monihforme 



Text Fiq 6 Showi ash weight of the three Fusaiia alter 10 days and 21 days growth a 
aerated and non aerated cultures 

Text-Fig 6 shows that 

1 Ash weights of the three Fusaria in aerated and non-aerated cul- 
tures taken after ten days are higher than those taken after twenty-one days 
but unlike in Text Fig S, all the strams show almost level weights in ten-day 
old cultures The fall m weight after twenty-one days is highest in F monih- 
forme m both the senes 

2 Fall in the ash weights after twenty-one days growth is not so great 
as compared with the dry weights 

DisctrasiON 

Aeration of liquid culture media under the present experimental condi- 
tions retarded the spore producing abihty of F vasm/echm, F, momh/orme 
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and F udum On the other hand, very distinct increase in dry and ash 
weights of the three species was observed under similar conditions of aera- 
tion over their non-aerated controls It was felt at the time when these 
results were obtained that aeration of liquid cultures possibly introduced 
some changes in the reaction of the medium, which in turn resulted in the 
inhibition of the spore producing ability followed by an increase in mycelial 
mat formation But further experiments showed that the pH of both 
aerated and non-aerated series ran parallel with each other, although shift- 
ing the reaction from the acidic to alkaline in both cases It was further 
thought that changes in the availability of total nitrogen possibly governed 
spore production But even here it was discovered that increase or decrease 
m total nitrogen did, doubtless, bring about changes in the quantity of spore 
produced, but the general spore-producing ability of the fungi was still very 
low in the aerated as compared with the non-aerated scries These experi- 
ments have brought to light the functions of aeration in increasing vegetative 
growth of Fusaria as well as in delimiting their ability to sporulate Valuable 
compansons can be made with already established facts that light sandy 
soils promote ramification of mycelia induced by conditions of abundant 
soil aeration and it is significant to note that the more rapid disappearance 
of various soil fungi in light soils is possibly due to the poor spore-forming 
tendency of the fungi concerned Further work on soil isolations from cotton- 
growing tracts with light soils (which is in progress) may confirm the finding 
which has been conducted under pure culture 

That saprophytic fungi are most active in the decomposition of plant 
residues under conditions of abundant soil aeration is an established fact 
(Waksman, 1931, Garrett, 1938, 1939) The purport of this paper is 
mainly to emphasize that these findings on the behaviour of scil Fusaria 
in pure culture, both aerated and non-aerated is in keeping with established 
facts that disappearance of various soil fungi is most rapid in loose soils 
possibly due to their inability to sporulate normally The vegetative growth 
under such aerated conditions although better than non-aerated does not 
contribute towards the longevity of the fungus, since the inevitable micro- 
biological antagonism shortens the vegetative phase of fungal activity more 
easily than when confronted with prolific spore development, the latter bemg 
less vulnerable to nucro-biological attack 

Summary 

1 Effect of aseptic aeration on growth and sporulation of the three 
soil fungi, VIZ , F vasutfectum, F momhforme, and F udum was studied in 
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2 Sporulation of F vasmfectum F moniliforme and F udwn was opti 
mum at 0 2% nitrate nitrogen in standard Home and Mitters bquid 
medium 


3 Aeration stimulated mycelial growth (on both dry and ash weight 
basis) but inhibited sporulation (quantitatively determined) 

4 Aeration had no direct effect on the pH of the culture medium 

5 Sporulation decreased with increasing hours of aeration 
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trUSARlUM SP PARASITIC ON EPIPYROPS, A 
LEPIDOPTEROUS PARASITE OF THE SUGARCANE 
PYRILLA 

By S Y Padmanabhan 

(Sugarcane Research Station An kapalle) 

Retelved Febniaiy 14 1947 
(Con municated by Prof L Naraydna Rao i a ic ) 

Introduction 

In October 1939 the late Dr John Muhyal brought to the writers notice 
pupte of Epipvrops sp attacked by a fungus In its larval stage Epiopyrops 
IS a parasite on PyriUa the well known pest of sugarcane A study was 
undertaken to identify the fungus and to establish its pathogenicity on 
Epipyrops 

Description of the Matfrial 

The pups are rectangular in shape 22-25 mm long and 8 9 mm 
broad and were attached to the ventral surface of the sugarcane leaf the 
longer axes of the pups being along the length of the leaf The pups 
were covered over by salmon coloured mycehura When a portion of the 
mycehum was exa min ed under the microscope innumerable comdia of 
Fusarntm sp were observed 

Identification Tests 

The morphology of the fungus was studied in detail The characters 
of the comdia produced on the mycehum parasitising Epipyrops were 
compared with those produced by single spore cultures isolated from 
the former A remarkable vanability was at once perceived in the spores 
produced m culture One of the smgle spore isolates differed from the 
fungus obtained directly from Epipyrops in the total absence of macro- 
comdia, while both the micro and macro comdia were present in other 
isolates 

Three isolates were used in the study of the morphology of the 
fhngus (i) the fungus from Epipyrops, (u) a single conidial culture from 
(i) but producmg only microcomdia (m) a single conidial culture from 
growths isolated from artificiaUy infected Epipyrops pupae [the healthy 
Epipyrops pupa were artificudly infected m the laboratory with spore sus* 
pensions of (u) above] 

Bi 77 


UnHtliMir lilbwT. 



78 


S. Y Padmanabhan 


The two isolates, (u) and (in) were grown on the following seven 
media 

1 Poldto cylinders 

2 2% potato Dextrose agar 

3 5% potato Dextrose agar (Wollcnwcber, et al , 1925) 

4 Oatmeal agar 

5 Steamed nee (Wollenwcbcr et al 1925) 

6 Brown s standard agar (Brown, 1925) 

7 Brown’s starch agar (Brown, 1925) 

The potato cylinders were prepared in the usual manner and were steri- 
lized at 10 lbs pressure foi 4'? minutes 

The oatmeal agar wns prepared by taking 100 grams of Quaker Oats 
in water, using a suflicicnl quantity of water to bring the oats into solution 
when V armed The warm solution was strained through cheese cloth, 
taking eare ihat no eriishing or pressure was applied to help the slow 
streaming through of the solution Ihe solution was made up to 
lOOOec, tubed, and sterilized at 10 lbs piessure for 45 minutes 

Triplicate tubes ol the cultures giown in the seven media were main- 
tained at two icmper itures, 18 20 C and 35 C , to study the range of 
variation exhibited by the fungus, and to identify it on the basis of the 
characters so observed taken in con|unction with the morphology of the 
fungus from the natuiall> occurring parasite on Epipviops For conve- 
nience, the two cultures will be referred to in the following text as culture 
1, and culture 2, while the Fusanum sp from Epipyropi will connote the 
fungus obtained directly from the parasitised matenal 

Observations were made on the 10th and 2 1st day on the amount 
and colour of aerial mycelium and substrate, production of sclerotia 
stroma and pionnotes The data are recorded in Tables I and II 

The spore measurements and data on the percentage occurrence of 
the different septate spores were obtained on the 22nd day in culture 1, 
and on the 23rd and 24th days m culture 2 The spore measurements, etc , 
were made only on the cultures maintained at 18°C The data are pre- 
sented in Tables 111, IV, V, VI The spore measurements data for 
Fusanum sp from Epipyrops are shown in Table VII 

The data presented in the tables may be summarised as follows* 
In both the cultures, the aerial mycelium is colourless or white. 



Potato cjlioder 


Fusarium Sp. Parautu on Epipyrops 
Table I 

Showing the amount of Aerial Mycelium, colour of Aerial Mycelium 
and of Substrate, Conidial Production Selerotia, Stroma, 
Ponnotes on the 10/A and list daw of growth at two 
Temperatures in different midia 


79 


5 

5 

eo 

Aen^l Mjceliam 

j S rface if sul ^tr turn 

s 


ll 

loth d^y 

Slsi day 

10th lay 

21 t lay 

s§ 

55 

§ 

£ 

1 

18 

White- 

White 'll uni 
ant 0 3 ecpt 
ate tporet 
abundant 

1 n 1 a el 

Oh egr y 

Absent 

Absent 


88 

WhiU 

WI ite ll and 
ant 0 2 ep 

ll undant 

Dark ( h 
(.fay 

De p Olive 

hfay 

Alsent 

Absent 

11 

18 

White 

V\ hite. 1 1 

ant onilaOS 
■•eptate al uii 
dint 

LirI t V n 

Huff pi 1 deep 

1 r 1 bill 

1 r b ■- It 
tl ver ll 
fa 

\1 sent 

Abeent 


36 

White 

White abun 1 m 

A| II ot 1 u 

Apn at 1 f 

Alsent 

Absent 






el o 1 tht 
rf 



1 

18 

White 

Whitt an 1 letp 
(Inll 1 luish vio 
let mo U rate 
al indtnt co- 
nidia 0 1 sep 
tatc aba dint 

11 V let 

> 

Dp 1 ty 

Ir wn i-in 
d a irittered 

0 1 kept le 

Al sent 

Thin 


85 

Lacking 

Latking 

Oi ion kin 
pink dark 

I igrosin vio 

let 

t innam n i uff 
d Ilk ni^r sin 
VII l< t to 1 lie 
0 1 lept tt 
iic-ittered 

Al sent 

Ibin 

11 

18 

White 

White ecpnly 
c ni lia 0 0 
eeptate 

Imoi 1 ufE 

Salmon 1 ulf 
coni lia 0 n 
Septate 

Abac 1 

Thin 


as 


White s inty 
conidia few. 

0 3 aeptate 
moitiy 

M eh othre 

Hesh chie, 
abund nt 
conidia 0 I 
leptiti 


rbin 



Oatmeal Agai 


80 


S. Y Padmanabhan 
Table I iContd) 



—4, 

Aenil Mjcehim j 

Surface of substralom 

I 2 

b 

5 

■3 

u 

B 2 

H 1 

lOlh day j 

21st d y 

10th day 

21st day | 

|l 

1 

(C 

I 

18 

While 

White m d 
rately abu 1 
dint as in 
27 

Uncha ged 

Deep slaty 
brown 

Absent 

TMn 


ir> 

1 k.it 

I a kinn 

Dirk nigrosin 
violet pink 

1 1 Cinnamon 

Dark nigrosin 
violet and 
buff pink 
ennidia scat 
tered 0 1 
sept ito 

Ahsent 

Thin 

11 

18 

While 

W 1 ite 

Salmon bad 

S dmon buff 

Absent 

Thin 


n 

1 ackine 

W1 1 scanty 
ntdia IS 111 
2/ 

1 lesh 0 1 re 

tksh ochre 

Absent 

Thin 

1 

18 

White 

I ackiny, 

L n 1 ani.! 1 

Hyssop vio 
let, argyle 
purple Com 
dlaO 1 sep 

Absent 

Ibin 


S'! 

White trace 
( f s|.inal red 

1 icking 

Unci anted 

Unchanged, 

C onidia 
ihundantly 

0 1 septate 

Absent 

Thin 

11 

18 

White 

W hite mode 
rately a bun 
lant ni 

dia bandant 
0 7 septate 

Salmon colour 

Apneot buS 
r onidia scat 

Absent 

Thin 


36 


White abun 
dant (.rni 
dia abai dant 
mostly 0 1 
septate 

Salmon buff 

Salmon buff, 
Conidia scat 
tered 

Absent 

Thin 

1 

18 

White 

White abon 
dant Loni 
dia 0 2 sep 

Cameo pink 

1 halite pink 

Absent 

1 Absent 


36 

White 

White aban 
dant 0 2 sep 
tall abon 
dant 

Coral pink 
and Apneot 

Coral pink 
ocheroceons 
orange, wax 
yellow 

Absent 

Abssnt 



Fusarium Sp. Parastitc on Epipyrops 
Table I — (Contd) 


Aenal Mytelti 


Sarfoct* 





82 


S Y PadmaDabhan 
Table II 

Showing the form of Conidia and Chlamydospores observed on 
the lOth and list days of growth at two different Temperatures 
on Seven Different Medium 

(3*4 Pot dextrose not shown as the data were uinilar to tboie in 
2% poUto dextrose ) 


1 

1 

Coltore 

Tempera 
tare senes 
0*C 

Conidia in aerial my elinm 

Conidia on the stromatal layer 

li 

1 

1. 

1 

I 

18*C 

Single conhn lo a and 1 ^ septite 
septate spores comp rativcly un 
dant ovoid to spindle shaped 
cylindrical slightly curved, some 
limes slif,htly V calate apex rounded 


Absent 

I 

3«*C 

Single cootinuo is 1 3 septate ipo 
res ovoid spii die shaped cylin 
drical or slightly carved hyaline i 
aban 1 nt 


do 

11 

18*C 

Single c ntinun si’’ ei tate j 
mostly 1 md 6 eptate ovoid to ' 
cyliT drical microc nidia macro | 
conidia straight or r rely curved 
bluntly pointed e ds without a 1 
foot cell 

Spores scattered over the sar 
face 8 irface slightly slimy 

do 

II 

M*C 

Single continuous predominantly 
septate 1 0 septate mostly 3 sepUte 
microconidia ovoid to cylindrical : 
or curved micro conidia sickle 
shaped spindle shaped cylindrical 
Btraight with him t ends slightly 
foot celled lase curved spores with 
a fine curved point 

Spores ab indint on the slimy 
surface 

do 

i 

1 

1 

1 

18*C 

Single continuous fl 2 septate spo 
res also seen) ovoid to spindle 
shaped hyaline abundau 

rhinly scattered on agar sur 
face predominantly continu 
ous ovoid to spindle shaped 
occasioially 1 S sspiote 
thin straight or slightly car 
ved and rounded apex and 
bluntly pointed or slightly 
foot cell^ base ssparatloos 
indistinct hyaline 

do 

I 

as’c 

do 

do 

do 

IT 

18*C 

single continuous and I septate 
microconidia ovoid to spindle sbap 
ed or straight cylindrical miscro 
conidia carved straight or slMtly 
carved with bluntly pointed ends or 
finely pointed ends 

Spares thinly scattered on 
the sgar surface, rarely with 
slightly foot celled base 

do 


Fusanum Sp. Para^ttu on Epipyrops 
Table \l—(Contd) 
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1 

a 

'3 

u 

Tempera 
tore eenei 
O’C 

ConldielD nenal mycelinm 

Conldia on the stromatal layer 

Chumydoa 

pores 

I 

i 

1 

1 

“a 

1 

11 

3«*C 

PredomiBantly septate etraight «ith 
blant ends carved aligl tly foot 
celled basi mostly 0 3 sipt te 
rarely 4 11 aeptate 

Abnndaitly scatter'd over the 
birface ovuid mi rncoi idia 
typic lly curved m 1 straight 

0 1 septate fii^ueitly cur 
ved en s blunt or blnntly 
pointel With or without a 
footcellcl I ase i listinctly 

Absent 

I 

18*C 

bn tfle continuoas rarely septate 
ovoid cylin Iricjl sp ndl s aped 
roandel tpex ind base, not abun 
dant 

1 hinly srati re 1 on Agar sur 
face mostly onti lu is rare 
ly 1 septate tv >id cylin In 
cal spin III >1 ap'd rounded 
apex 1 isu hi i t will out any 
foil celt CO ilia compara 
lively not abii la it 

do 

1 

35“C 

Single continuous rarely 1 2 septate 
spores ovoid cylin Irical spindle 
shaped hyaline abundant 

Thl kly s altered on agar sur 
face spn Us shaped occa 
sionally 1 septate straight 
slightly curve 1 apex blunt or 
rouidel septatioi s indis 
ti ct hyaline 

do 

1 


I«*C 

Conidii 0 7 septate mostly septite i 
spores 3 5 septate spindle shaped j 
elongated sligl tly puntLd eids 
curved, slightly foot cede 1 miLro-eo 
nidia ovoid cylii drical rounded apex 

Thinly s attere on the sur 
fact 

do 

11 

36'C 

Conidia 0 5 septate mostly 0 7 sep 
tats ovoid to spindle shaped stout 
thick and straight or i arrow and 
slightly Curved the ends blunt 
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1 hinly scattered un the sur 

do 

1 

1 

1 

IS’C 
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ally 1 septate, rarely 3 eptate 
ovoid to spindle shaped curved 
straight cyli drical apex rounded 
blunt abundant 

Si.orcs thinly scattere 1 on the 

do 

1 

as'c 

do 

do 

do 

11 

WC 

Coudia 0 5 celled moatly 3 6 celled 
aplndle shaped straight or slightly 
enrved ends blunt or bluntly point 
ed, hyaline occasionally vaculate 

Spores thinly scattered on the 
surface 

do 

II 

8#*C 

Conldia very irregularly ihaped 
mostly 0 3 septate rarely 4 ff sep 
tate, apherkal to ovoid and aplndle 
iba^ with blunt ende 

Abundantly acattered on the 
turface 

do 
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s 
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aa'r 
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do 

1 

I 

s. 

\ 

1 

r 

1 

I 

18*C 

Single LontiDuoub very rarely 1 aep 
taie ovoi 1 to spindle shaped occa 
sionally curved apex 1 lunt abund 
dant with or without foot relied 
base 


do 


38*C 

Single or false beads ovoid to cylin 
dricil 1 2 septate strugit and 
slightly curved apex rounded 
without foot cells abundant hyaline 


do 


1 

18*C 

Single predomina tly septate 0 3 
septate mostly straig t ovoid to 
spindle shaped occ sionilly slightly 
curved ipei roun le 1 or pointel 
very distinct septate nbundant 

Si gle continuous 1 septate 
occasionally 8 septate spin 
lie shaped ovoi 1 rarely enr 
\e 1 apex roun led or pointed 
septate distin t abundant 

do 



3o*C 


Septate spores comparatively 
ebundint I 3 septate ovoid 
cylindrical fnioid curved to 
Sickle shaped ipex blunt or 
blnntly pointed base a ightly 
foot celled 

do 

1 

i 

\ 

1 

i 

1 

11 

18*C 

Conidid thin walled 0 5 plate n i 
croLO idi 1 ovoi 1 to spin le shaped 
septate spores curved w tl Hunt r 

1 In tly pointel ends 

Spores thinly scattered on the 
curfece 

do 


WC 


Single continuoni or septate 

0 3 aeptate ovoid le cylindn 
cal or aplndle shaped blunt 
to pointed ende curved to 
siclde^baped wltbont foot 
cell-conidia typically like 
tboie of I in 18*C and 
86*C 

do 
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Table III 

Showing the Percentage Occurrence of the different septate spores 
in the Seven Media of Culture I at 18“ C {after 23 days) 


Medium 

0 aeptate 

1 aeptate 

2 aeptate 

3 aeptate 

Potato cylinder 

80 

4 



S% PD Agar 

80 

2 

trace 

trace 

8ft P.D. Agar 





Oatmeal 

M 

2 



Steamed rice, medium 

80 

2 



Browa’i ataKh, medium 

80 

2 



Brown’e alandard medium 

80 

2 




Table IV 

Showing the mean measurements in pof length, the range in length of 
the Conidut of Culture I at 18“ C. after 23 days 


Medium 

1 0 aeptate 

1 aeptate 

2 septate 

3 aeptate 

Mean 

Range 

Mean 

Rajige 



Potato cylinder 

8-04 

4-16 

13 02 

10-20 



PDA. 2ft 

7-28 

4-12 

10-80 

8-24 

18-4 

32 


8-68 

4-10 

14-0 

10-24 

22-8 

20 

B.A. 

8*4 

4-18 

18 0 

12-24 



B.SI. A. 

6-4 

2-12 

13.02 

10-20 



Rice 

8-84 

i-ie 

1 10-72 

10-24 

18 

34 


8-1 

2-ie 

1 

8-24 

lO-l 

30-3 
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Fusarium Sp. Parasttu oh Epipyrops 
Table VI 


Mean measurement and percentage occurrence of Septate Spores 
in Culture II 


SepUtlon 1 

0 1 

1 

1 = 

1 ^ 1 

4 

6 1 

e 1 

7 

PeKentaga 

3% 1 

e% 

1% 1 

62% ^ 

a% 

23'6 ] 

1 

Trace 

Mean length 

a-sg 1 

14 23 

18 2 ' 

,27 2 

28 82 

38-38 

46 72 

82-9 

Total Range 

4-68 

7 2 

12 0 

16 2 

10 8 

23-4 

46-7 

82-2 



1 to 




to 

to • 



14 4 

1 21 G 

2 n -2 

36 36 

43 92 

52-2 

45-02 


Mean Breadth 

s-sa 

4-0 

3-70 

4*0 

40 

4-0 

80 

6-4 





(4 09) 

(4 09) 

(4-21) 

(4-68) 


Total Range 

1 s-o 

1 2 S8 

3 2 

1 3 2 

2-88 

3-0 

4 32 

5-4 





1 


to 

to 



3 06 

6 1 

4 0 

6-48 

6-48 

6-8 

0-8 



Table VII 


Measurement of spores taken directly from the diseased pupa 
of Epipyrops 


Septatlon of aporee 

1 

0 

1 

1 ^ 

3 

1 

' 4 

i ’ 

6 

7 

I Mean L 

14-86 

21-36 26-0 

31-0 

37-8 

43 2 

« 1 

8 Range In L 

10-16 

14-30-0 10-32 

16-44 

32^4 

34-62 * 

34-82 


S Measare- Mean B 

ment of 
eporee In 
>* 

4-0 

4-0 

4-4 

1-8 

1 

4-0 

6-0 

8-0 


4 Range In B 

2-8 

4-2 

2-8 

4-2 

3 0 
6-2 

3 0 ' 

6 4 

3-0 

0-4 

3-8 

7-0 

3 8 
7-0 


Percentage occnirence 
of eporee 

14-6 

21-6 

14 6 

34 

6-7 

6-5 

1-3 

0-6 
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Table VIII 

Table comparing the percentage Occurrence of septate spores. Mean length. 
Mean Range in length of spores of Fusanum sp from Epipyrops 
and the Cultures, 1, 2 am/ Fusanum monilifonne var 
subglutinans 

Septation |o Sep | 1 Sepja bep | J Sep 4 bep 5 bep 6 Sep 7 Sep 

(A) Per r tage occ-arrente 

1 Spores from isessed larva 14 6% 216% 14 6« 34% 6 7% 0 7% 13% 0 6% 

2 Spores from Caltare 1 J7 7% 3 3% Trace Irace 

3 Spores from Culture II 3% 0% 7% 02% | 8% 23% 1% Trace 

(B) Mean length in p 

1 Spores from diseased larva 14 60 21 30 80 0 31 0 

8 Spores from Culture 1 81 16 41120 1 86 3 

S Spores from Culture II 0 60 14 26 18 8 27 2 

4 P monoiiformt Sheld 0 17 I 32 

var ut^littimans | 

(( ) Mea I rai^ in length i n m 

1 Spores from diseased larva 

2 Spores from Culture I 

3 Spores from Culture II 
A P m nohftrn / Sheld 

var ubgluUHa t 

The stroma is purple or pink in culture 1 (Ridgeway, 1912), while it is uni- 
onnly salmon or salmon bu£f m culture 2 The cultures agree closely 
with each other regardmg the production and the characters of the micro* 
comdia They are found generally thmly scattered on the agar surface or 
occasionally grouped together in false heads, predominantly contmuous 
ovoid to spindle shaped , occasionally 1-3 septate, thm, strai^t or slightly 
curved with round^ apex, with bluntly pomted or shghtly foot-celled 
base, the septations are mdisbnct and hyalme (Text-fig B) 

Abundant comdia are found m the aerial mycebum The comdia 
are not produced m chains 

In addition to possessing micro-comdia as above described, culture 2 
u also characterised by the production of predominantly septate spores 
The spores produced m aenai mycebum are 0-S septate, rarely 6-7 
iqitate, rod to spindle-shaped, with blunt aids or ends tapering to a blunt 
pomt, or with the ends slightly curving and tapering, without foot-cdled 
base or rarely with distinct or indistinct foot-cell (Teat-fig C) 


10 10 14 30 10 38 10-44 3Sh14 34 j8 34-68 

J 10 0 24 10-23 20 32 

0-14 7-22 13-26 16 30 20-44 23-62 46-62 

7 !i 14 20 26-48 43-63 


37 8 43 8 44 

28 8 38 8 43 72 68 

60 
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Chlamydospores are absent in both the cultures 
The conidia from the mycelium of the parasitised Epipyrops are closely 
similar to those descnbed under culture 2 (Text-fig A) 

Taxonomy 

According to WoUenweber and Reinking’s key for the identification 
for the groups and sub-groups of the genus Fusarium the abundant micro- 
comdia and lack of macro-conidia in aerial mycelium and of chlamydo- 
spores, and nature of colours, place culture 1 , in “ Liseola ” 

Micro-conidia are not in chains Blue sclerotia are absent If the 
absence of blue sclerotia is recognized as a variable characteristic as 
WoUenweber (1935) does in the description of f momliforme Sheldon, 
then the other characters closely approximate to the above fungus 
Further, the absence of conidia in fast chains brings it to F momliforme 
(Sheldon) var subglut mans Wr and Rkg If the production of blue 
sclerotia is given more importance in distinguishing species, the fungus 
is brought down to F neocera? Wr et Rkg But the spores are not as long 
as those of F neoceras, beini, little more in fact than half the length 
Regarding culture 2, and the fungus from parasitised Epipyrops the spores 
m the aenal mycelium are not those of ** Liseola " 

The spore characters place the latter in the section, “ Lateritum ” 
which IS after all very close to Liseola ’* and overlaps it as seen in the 
Key of WoUenweber (also Padwick, 1941) The key characters employed 
to distinguish the two sections is the production of micro-comdia in chams 
in the latter and their bemg not in chains in the former In F momli- 
forme V subglutmans the conidia are not in chams, but the fungus belongs 
to “ Liseola ” and is descnbed under the section by WoUenweber 

The presence of septate spores mstead of microcomdia raises an 
unportant issue WoUenweber (1935) states that, “F momliforme is 
variable and occurs in forms which osallate in the septation of the comdia, 
sometimes suddenly rising to develop highly septate sickle-shaped spores 
in sporodochia and pionnotes far surpassing the normal in number, then 
further relapsing to produce mostly the micro-conidia " Further, accord- 
ing to Subramaniyam and Chona (1938) the fungus isolated from sugar- 
cane sulTermg from ‘wilt’ in Bihar and identified as Chephalsporam 
sacchari Butler by Mere produced abundant macro-comdia typically like 
those of F momliforme m Holland When the cultures were received m 
India, they produced only microcomdia Thus the variability in spore 
production of this fungus recorded in this paper is m conformity with 
the earlier observations mentioned above. 
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In comparing the data presented m Tables I and II, it will be seen 
that the two cultures agree closely with each other in the amount of growth, 
colour and amount of conidial production m all media except oatmeal 
and in the remarkable similanty in appearance and measurements of the 
0-3 septate spores in Oatmeal, rice, and Brown’s standard agar In the 
above three media culture 2, produced mostly 0-3 septate spores 

Thus the fungus isolated from Epipyrops is identified as F monili- 
forme Sheld var subglutinans Wr and Rkg [Gibberella Fujikuon (Sawada) 
Wr var subglutinans Edwards] 

Parasitism of F moniliforme var subglutinans on Epipyrops 

Experiment I — Ten adults and nymphs of Pyrilla with Epipyrops 
larvas were collected from the field, preserved in wire gauze chambers and 
fed on fresh sugarcane leaves Using a small atomiser the parasites along 
with the hosts were sprayed upon with spore suspension from a fresh 20 days 
old culture of F moniliforme var subglutinans The larv<e were not affected 
in any way even at the end of a week 

Experiment IJ — Specimens of pupae attached to the sugarcane leaves 
were collected and sprayed upon with spore suspension of the above fungus 
as m experiment I A prof^use salmon coloured mycelium developed on 
the pupae within 48 hours The fungus was re-isolated and identified as 
F moniliforme var subglutinans 

The fungus is a parasite of Epipyrops in its pupal stage only It is not 
able to parasitise the larva In nature also only pupae have been found 
attacked by the fungus 

Summary 

1 A species of Fusarium was found parasitising pups of Epipyrops 
which m Its larval stage is a parasite on Pynlla, a pest of sugarcane 

2 A remarkable variability between the isolates of the fungus was 
noticed One set of isolates produced only microconidia in culture, while 
the rest of the cultures produced both micro- and macro-comdia In 
the natural state both the micro- and macro-comdia were present 

3 The morphological features are given in detail 

4 The comdial character bring the culture producmg only the micro- 
comdia nearest to F moniliforme (Sheld ) var subglutmans but blue 
sclerotia, however, are absent But as this is stated to be a variable 
character m literature the fungus is regarded as Fusarium moniliforme var 
subglutinans 
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Si'UDlES ON SCLEROTIUM-FORMING FUNGI 
I Sclerotium cepivotum Berk and 5 tuliparum Klebahn 
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(Mycobglsi ta Government CP A B rar Njjpi ) 
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Introduction 

A NUMBER of workers have attempted to correlate restriction of parasitic 
fungi to particular host plants with certain biochenucal relationships, for 
example, with toxic properties of plant juice and with the capacity of fungi 
to secrete the pectinase enzyme The primary object of the investigations 
m this senes is to explore the position with regard to certain sclerotium- 
fonning fungi In the first instance the fungi selected, Sclerotium ceptvorum 
and Sclerotium tuliparum, were chosen as being similar m habitat, in the 
type of plant part attacked, and to some extent at least in morphological 
features The first step in the investigation was to determine how far these 
two fungi were restneted to their particular hosts, onion and tubp, respec- 
tively That bemg established, the problem was then to try to explam the 
basis of the speaalisation shown 

While the central idea was as outhned above, the mvestigation naturally 
followed a vanety of lines, leadmg to a detailed cultural study of the two 
organisms concerned 

Historical 

The hterature dealing with the fungi Sclerotium tuliparum Klebahn and 
Sclerotium cepivorum Berk is rather extensive In the followmg account 
each fungus will be treated separately, m the order named 

The bulb-rot of tulips was long known in Holland and Germany where 
It caused severe damage It was reported from Holland at least as early 
as 1$84 and Wakkei" appears to have been the first to describe the disease 
which he designated merely as the “ tulpenziekte” He has given extraordi- 
nanly dear and accurate symptoms of the disease and the characters of the 
pathogen 

Ritzema Bos*”** describes a disease which was very destructive 
at the time in certam parts of Holland and which from the symptoms given 
was obviously the gray bulb rot However, there was a certam amount of 
M 93 
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confusion u his account with the bbght due to Botrytu (“ fire ”) He states 
that diseases of Iris, Hyacinth and Gladiolus due to the same Sclerotium 
also occur 

Klebahn*" " in his earlier papers made the same confusion between 
two tulip diseases but later recognised them as distinct He is responsible 
for the name Sclerotium tuliparum, and he showed that the same 
fungus attacks a large number of hosts, in particular Iris hispanica. Hyacinth, 
FritiUaria imperiales. Yellow Narcissus, SciUia sibirica, GaUmthus nivalis 
and Crocus vernes 

Muller-Thurgau*’ and Lendncr** reported the disease from Switzerland 
The latter observed that the newly formed bulbils may also be attacked 

Whetzel and Arthur" have given a good historical resum6 and have 
studied the taxonomic relationships of the fungus They say that the first 
indications of the disease are the bare spots in the tulip beds m the spnng 
Nearly all bulbs in the soil contaminated area are usually so injured that 
they fail to grow When affected bulbs do send up leaves, their growth is 
greatly retarded, and they soon die and wither away Initial infection 
evidently occurs m the fall and early winter shortly after the bulbs are put 
out mto the beds, or early in the spnng When diseased bulbs are dug up, 
they are foimd to be more or less rotted, the infection being usually at the 
tip, or nose, of the bulb The healthy white tissue is turned to a grayish or 
a reddish gray colour The soil clings to the extenor of the rotted parts 
and embedded m the soil or in the rotted bulbs are sclerotia Expenments 
showed that the pathogen depends upon its sclerotia to tide over from one 
season to the next Myoehum, which is readily produced from the sclerotia, 
spreads through the soil and attacks the suscept The pathogen appears 
to be a low temperature parasite 

Whetzel and Arthur remark that certam distmctive features in the 
morphology (especially m sclerotiol structure and mycelial characters) of 
the pathogen show taxonomic relations to Rhizoctonia solani and Corticaan 
stevensii They regard these as sufficient to warrant its transfer from the 
genus Sclerotium to Rhizoctonia 

Brooks* gives an account of the disease of tuhps and Iris reticulata caused 
by Sclerotium {Rhizoctonia) tuliparum Tulips or other bulbous plants 
affected by this disease may be either completely destroyed below the soil 
level, or they put forth shoots which appear above the ground but are 
dwarfed and malformed and never flower The sclerotia of the fungus 
clmg to the neck of the bulb and the part of the shoot below soil level The 
infection almost mvanably proceeds from the soil by the formation of 
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strands of mycehum from sclerotia already therein He found that 
Hyacmths, Daffodils, Scillia sibtnca, FritiUaria tmperiahs and Iris hispanica 
are also attacked 

Dowson” reports that Sclerotium tuliparum sometimes attack tuhps and 
Iris reticulata in England causing gray bulb rot He gives the usual symptoms 
of the disease Infection is entirely due to contaminated soil and takes 
place in early wmter The parasite spreads but slowly from one place to 
another and is probably introduced into a new locality by a few small sclerotia 
embedded between the scales of otherwise perfectly sound bulbs 

Van Beyma Thoe Kingma*’ notes the frequent association of Sclerotium 
tuliparum with Penicillium corymbiferum on tulip bulbs both of these bemg 
active parasites Weber" gives the symptoms, etiology and control of 
sclerotial disease of tuhps caused by Sclerotium tuliparum Kawamura^” 
states that tulip bulbs in Japan are liable to infection by Sclerotium rolfsii 
with which Sclerotium tuliparum is believed to be identical Buddin'^^* 
reports that S tuliparum, besides attacking tulips, also occurs though gene- 
rally less severely on Ins, Scilla, Crocus, Ixta, Friiillaria Colchicum, Hyaanth 
and Narcissus Observations showed that bulbs planted with one half to 
two-thirds of their surface protruding mostly remained healthy even m 
badly diseased soil Steoimng of soil completely eliminated the disea^ In 
the control of the disease when a powder containing chloronitro benzol 
was muted with the surface soil 90 per cent control was obtamed whereas 
spnnkhng the soil after planting the bulbs was unsatisfactory 

For the first time in 1938 Sclerotium tuliparum was recorded in England 
and Wales on Crocus *• Osterwalder and Camenzind” tested 0 5 per cent 
formalm solution agamst S tuliparum on tuhps with satisfactory results 

Control measures, which rely chiefly on chemical disinfection of bulbs or 
soil, have been described by Caballero,” Wakker,*^ Ritzcma Bos,* 
Klebahn,** Whetzel and Arthur," Dowson,* Van Slogteren,* Buddin“” 
and Osterwalder and Camenzind *’ 

White rot of Allium is a disease of widespread occurrence and was first 
recorded by Berkeley* m 1841 m Great Bntam who named it Sclerotium 
cepivorum Berk Voghno** recorded severe attack of leeks m Italy by 
S cepivorum but on the basis of his cultural study he renamed the fungus 
Sphacelia allit Cotton and Owen* reported that the white rot disease of 
omon bulbs caused considerable to omon crops in Great Britain 

They found tha t shallots were markedly resistant and leeks did not appear 
to suffer Caballero*' reports considerable damage m garhc fields m Spam 
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and regards Sclerotium ccpi\ontm as the most destructive of the garlic para- 
sites 

Walker in a senes of pipers*®*®** described the white-rot of Allium 
caused by S cepnoium in Furopc and Amcnui and found that the disease 
occurred on onion Welsh onion leek garlic and shallot Leeks only 
suffered from the disease during cooler months The fungus attacked the 
plants at any time during the { rowing period provided external conditions 
were favourable He oh cr\ei that the disease thrives best at moderately 
cool temperatures and with moderate soil moisture He found that withm 
the temperature range favour ible to growth of the plant, the fungus became 
less destructive as the rapidity of host growth increased 
y Dowson'® gives a biief description of Sclerotium cepivorum and its host 
He also observed that w arm and damp we ither favours the disease which is 
spread by the pla Uing of uise'-sei seedlings or sets and is increased by 
repeatedly planting onions in the ^me ground Nattrass**** reports the 
occurrence of the disease from Egypt and Cyprus He describes its 
symptoms and says that overwintering is due to sclerotia m the soil and that 
the fungus did not grow above 30° C He further suggests that sets should 
only be planted from disease free areas and cultivation of the different species 
of Allium should be discontinued for 8 to 10 years 

Du Plessis^' gave a popular account of white mould on onion caused 
by S cepivorum m South Africa and reports that disinfection of soil by 
formalin, heat or mercuric chloride are impracticable on a large scale though 
in laboratory test the scleiolid, which persist in soil and onion refuse for 
four or more years, succumbed to these treatments He found that losses 
may increase from 20 to 30 per cent when pink rot and bulb rot are accom- 
pamed by white mould caused by S cepivorum 

Omon varieties showing marked resistance to white rot have been deve- 
loped at Manchester University *• Matzulevitch®* gives very brief desenp- 
tion of the disease occurnng in Russia From one locality in Czecho- 
slovakia an epidemic outbreak of Sclerotium cepivorum on garhc is reported *® 
Marchionatto®* reports that S cepivorum has been recognised smee 1913 
on onions and garlic in Argentina 

Bremer* ' reports the presence of the disease in Germany and also recom- 
mends a well-regulated rotation m which omons are excluded from infested 
fields for at least 8 to 10 years He has also given a popular note on the 
rota of stored onions in Germany by S cepivorum and other organisms 
Bremer and Nicolaisen*° have given symptoms, etiology and 'Control of the 
disease In New South Wales (Anon*) white rot has bm recorded once on 
garlic and thnee on omons 
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Ogilvie and Hickman’" found the disease widely distributed in Bristol 
province, mainly on white Lisbon spring onion A oil application of a 
propnetary orgamc mercury compound in dust form containing hydroxy- 
mercunchlorophenol with 20 per cent organically combined mercury, before 
sowmg, gave 56 8 and 17 9 per cent infection at two localities respectively 
against average of 86 7 and 90 4 per cent for the corresponding untreated 
control plots Ogilvie, Croxall and Hickman’^ report that early autumn 
sowing of onions were more severely affected by white rot than were late sow- 
ings Ogilvie and Walton” note that Up-to Date Rousham Park Hero. 
Improved Readmg and White Spanish onions are moderately resistant, 
leeks bemg only occasionally attacked 

Brandgo^ has given the symptoms and control of white rot affecting 
garlic in Brazil The disease has also been recorded in Argentina by 
Haiiman-Merck,” in United States by Valleau,’^ in Holland by Van 
Poeteren** and in various parts of Australia ^ 

Asthana* states that high potash manuring in England showed some 
decrease in the attack of 5 cepivorum on onions but there was indication 
from plot experiments that liming reduced considerably more the mcidence 
of the disease on omon seedlings Moore” reports the fungus to be seed- 
borne and 18 usually transmitted by infected seedlings Booer’ found that 
apphcation of 4 per cent mercurous chloride (calomel) dust to the seed drill 
at sowmg time gave better results than seed treatment One lb of dust per 
25 yd of seed drill gave good disease control in bulb onions, and one lb 
per 50 yd may suffice for salad onions 

Material and Method 

All through the experimental work pure cultures of Sclerotium cepivorum 
and Sclerotnm tiUiparum were used Isolations were made from diseased 
omon and tuhp bulbs and the purity of all the cultures was assured by the 
ungle hyphal tip method of Brown " All the cultures were maintain^ on 
potato-dntrose agar Throughout the laboratory and held experiments 
*' White Spnng Lisbon ” onion seeds English onion bulbs and " Pnnee of 
Austria” tulips were used The use of other vineties of onion and tulip 
will be mentioned at the appropmte pi ices Held and pot culture experi- 
ments were earned out at Slough aid at Cheiss Physic Garden respectively 

Morphology 

Mycelial and sclerotial growths of Sclerotium cepivorum and Sclerotium 
tuhpanan were made on potato-dextrose agar plates S cepivorum forms 
g fluSy white mycelial growth, which is rather coarse with large cells The 
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branches often anastomose and hold the hyphs together in sheets or strands 
The growth of the fungus is quite vigorous After ten days of mcubation 
at 20° C , sclerotia first appear as s mall white tufts of loosely mtertwmed 
branches They become circular in form and withm one to two days change 
mto dull green from white The outer layers darken and after a further 
two days the sclerotia appear as hard black bodies of 0 6 to 0 8 mm diameter 
Within two weeks of inoculation they are formed m large numbers over the 
whole surface of the plate (Plate m. Fig 1) In section the sclerotia show a 
black cortex and inside a medulla of elongated closely packed hyphs, m 
this respect resembhng the sclerotium of Sclerotima sclerotiorum 

The only spores produced by S cepivorum were microconidia Voglmo" 
in the cultural study of the organism has described the production of sporo> 
dochia of hyahne conidiophores upon which were borne sphencaU hyalme 
and catenulate conidia Presumably the conidia of Voglino were the micro* 
comdia It was observed that the microconidia were produced on certam 
media only, e g , six week old plates of Brown’s Starch agar and three to four 
week plates of tuhp agar These microconidia are formed on small conidio- 
phores, 6-10 /t long and are spherical 2 S/i^3 in diameter, with two 
walls Very often they occur in chains, 2-8 sticking together, which arise 
by successive constrictions of the conidiophores Attempts to germmate 
these nucrocomdia almost uniformly failed In a very few cases, about 
14 spores altogether short septate germ tubes appeared but these soon cut 
off a microconidium at the tip and ceased to grow The germination was 
observed only on 20 per cent Tulip juice (Text-Fig 1) 
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The hyphs of Sclerotium tuliparum are long, slender and septate, the 
individual Mils tending to be barrel-shaped when young The mycelium 
grows rhizomorphically at a fairly uniform rate It is mostly white, at first 
appressed and somewhat silky, later becoming more distinctly aenal towards 
the penphery With age the colour of the mycehum gradually changes from 
white to clay The medium soon becomes discoloured, takmg on a dis- 
tinctly reddish-brown tmge which deepens with age The sclerotia first 
appear after 10 days as irregular, white, cottony masses on the surface of 
the culture, m a broad ring near the penphery of the colony (Plate III, Fig 2) 
They soon turn to a pale yellow, deepemng to reddish-brown, and becom- 
ing almost black when dry They are generally globose to oblong bodies, 
3-4 mm m diameter but they vary a lot in their size and form with different 
media In many cases several scelerotia are agglomerated into a large, 
irregular mass and m others the size vanes from 1 S to 8 mm in diameter 
In contrast to that of S cepivorum, the surface of the sclerotium is dull, 
rough and irregular In cross section the medulla is seen compact and 
defimte in form, having globose cells 

Growth 

Nutrient Media —Both the fungi under study were grown on 28 
different natural and synthetic media Petn dishes of an equal depth were 
poured, inoculated at the centre with S cepivorum and S tuliparum, and 
incubated at 20“ C for two weeks The results of the comparative study 
of the mycelial and sclerotial growths are given in Table I 

Table I shows that both fungi grow more or less freely on a large variety 
of media and that in general the richer the medium the greater the mycelial 
and sclerotial development S cepivorum growth is favoured by an acid 
medium whereas S tuliparum prefers a neutral or alkaline one A repre- 
sentative set of growth form is illustrated m Plate III, Figs 1 to 4 and 
Plate IV, Figs 5-6 

Throughout the senes the mycehum of S cepivorum is white and woolly 
while that of S tuliparum is clay coloured and appressed Characteristic 
features of S cepivorum and S tuliparum respectively are the peculiar sweet 
musky odour m all the cultures and the diSMlourmg of the medium which 
takes a reddish-brown tmge with age 

To a certam extent the number of sclerotia produced on the same 
medium vanes with the depth of pourmg Table n gives the number of 
sclerotia of S tuliparum per plate as counted by the naked eye while m the 
case of S cepivorum the numbers refer to a standard microscopic field as 
the sclerotia are mmute, 
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Table I 

Comparative study of the mycelial and sclerotial growths on a 
variety of nutrient media 


Ma ha 

1 9 ffin um 

9 tulifa UM 

Mycelial Growth 

Sclerotial Growthj 

jMycellBl Growth 

Sclerotial Growth 

Potato eztrart 

+ + 

+ + 

+ + 

+ + 

Potato mush 

+ + + 

+ + + 

+ + + 

• + + 

lurnip agir (SOaj 

+ + + 

+ + + 

+ + + 

+ + + 

Talip agar (20% ) 

+ + + + 

+ + + + 

+ + + + 

+ + + + + 

Pea agar (20%) 

+ 

+ 

+ + + 

+ + + + 

Oat meal agar 

+ 

+ 

+ + 

+ 

Malt agar 

+ 

+ 

+ 

+ 

Prone agar 

+ + 

+ + 

+ 

+ 

I ettoce agar (20% ) 

+ + 

+ + 

+ + 

+ + 

Leek agar (20%) 

+ + 

+ + + 

+ 

+ 

Onion agar (26%) 

+ + 

+ + + 

+ + 

+ + 

do (20%) 

+ + + 

+ + H + 

+ + 

+ + 

do (16%) 

+ + 

+ + + 

+ + 

+ 

do (10%) 

+ + 

+ + 

+ 

+ 

do (7 6%) 

+ + 

+ + 

+ 

+ 

do (6%) 

+ 

+ 

+ 

nil 

do (2 6%) 

+ 

+ 

+ 

ml 

Brown a Starch agar 

+ + + 

+ + + 

+ ^ 

+ + 

Asparagin glocoae 

+ 

+ 

+ + 

+ 

Acid Aiparagin glocoae 

+ + + 

+ + 

+ 

+ 

Glncoie peptone 

+ + 

+ + 

+ 

ml 

Ghicose nitrate 

+ + 

+ + 

+ 

+ 

Glocoae NH4NOa 

+ + 

+ + 

+ + 

+ 

Glucoie NH4 tartrate 

+ + 

+ 

+ 

ml 

Cane angar nitrate agar 

+ + 

+ 

+ 

+ 

Coon 1 agar 

+ 

+ 

+ 

+ 

Chohn 4 nutrient agar 

+ + 

+ 

+ 

+ 

Richard s agar 

+ + + + 

+ + + 

+ + + + 

+ + + 


[ + - Scanty or a few + + - moderate + + + = good + + + + » abundant 
iclerotia and thick mycelial growth + I + + + — luxuriant myceM growth, laige and 
abundant aclerotia ] 


Table II 


1 

Number of acleroila of .9 fw/iparwM 

Number of iclero la of 5' apMmm 

Amnant of 

after 9 weeka 

per microacoplc Seld after 9 weeka 

nediom per 





'tend rtl plate 

Ma ore j 

Immatare 

Matnra | 

Immature 

SOcc 

ns 

10 

9 S 

1 9 

40 cc 

soo 

47 

0 0 

9 0 


v/ Here it will be seen that with the depth of the medium (Brown’s Starch 
a^ar) the number of sclerotia is mcreas^ m both the Amgi while mcrcase 
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m size was only observed in case of S tuliparum, no such effect being pro- 
duced on the sclerotia of S cepivorwn 
‘Similarly the depth of plating influences the rate of linear growth The 
figures m Table III give the increase m growth on Brown’s Starch agar from 
the 4th to the 8th day The effect is marked in the case of S tuliparum, but 
negligible in the other 

Table ni 


Amnont of mediam per 

■tandard plate j 

S luhpa urn 

S OM , 

10 cc 

1 0 cm 

3 0 cm 

20 cc 

2 3m 

3 8 cm 

40 cc 

3 4 cm 

4 2 cm 


By referring to Tabic I it will be observed that media prepared from 
onion extracts were more favourable to the growth of S cepivorum than to 
that of S tuliparum This point was investigated in greater detail 

The juice of omons and of tulips was squeezed out under a hand press, 
filtered through muslm and centrifuged to remove the coarse particles 
Various dilutions of those extracts were then made and drops placed on 
cover slips in Ward-cells or on slides in moist petn dishes These petri- 
dishes contained a layer of agar to which 0 4 per cent mercuric chloride 
was added and the slides were laid on this By this method a moist atmo- 
sphere was maintained and the development of contaminatmg fungi and 
bacteria was reduced to a minimum Each nutrient drop was moculated 
with a hyphal tip of S cepivorum or S tuliparum Table IV records the 
state of growth after 24 hours at 20° C 

Table IV 


Mycelial growth in concentrations of crude onion juice 


Fi tiKDi 

Percentage of concentraiion of crude onion Jalce 

10 

so 

40 

60 

so 

100 

J €*pnfrmm 

S tmhtarum 

+ + 
ml 

+++ 

■ 1 

+ + + + 
nil 

+ + + 
ml 

+ + 
nil 

+ 

nil 


[ + - Kanty , + + - moderate + + + - good and thick ,+ + + + - Iiuurtaot 1 


The mam point brought out is that S tuliparum does not grow on any 
pf the dilutions pf prude pmpn entract (pH 6 0) The same was true after 
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60 hours It IS noteworthy that S cepivorum is also considerably affected 
in Its growth at the higher concentrations of the extract 

When however the onion extract was steamed for half an hour before 
use, the differential effect shown in Table IV was much lessened 


Table V 

Mycelial growth in concentrations of steamed onion juice 
after 24 hours 


FangDi 

PeicMtag* of conciBtntlon of iteuMd onion Jnica 

1 

so 

*0 


1 

80 

100 

S mm 

S imbparum 

+ + 

+ + + 

+ + + 

+ + 

+++ 

++ 

+++ 

+ + 

+ + + + 

+ 

++++ 

+ 


(Noudon 11 in Table IV ) 


S tuliparum grew quite well on this medium, especially at the lower 
concentrations, and the retarding effect of high concentration on the growth 
of S cepivorum also disappeared 

That the effect of boiling was the dissipation of an inhibitory volatile 
substance was shown by studying the growth of the two fungi m turmp 
extract (20 per cent) m the presence of crude unboiled or boiled omon 
extracts These experiments were earned out m hangmg drops, the turmp 
extract with myceli^ tip being on the cover sbp, and the bottom of the cell 
containing the omon extract The comparative results are shown m 
Table VI 

Table VI 

Mycelial growth qfter 24 hours on turnip extract in the presence of 
crude and boiled omon extracts 


Fins** 1 

Crad* onion •stract 

Bo lod oaloo utract 

S afimarmm 

+ 

+ + + 

S ImUfarmm 

■II 

+ + 


(NottUoD M ia Tibi* IV ) 


The corresponding resuha with tulip juice, (a) unboiled (pH 5 8), 
(h) boiled (pH 6 2) are shown m Table VII (Notationi as m Table IV) On 
boiling the juice a preapitate was formed whidi was removed and the growth 
gf the two fungi was observed m the clear filtrate, 
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Table vn 

Mycelial growth in different concentrations of tulip juice after 48 hours 


Fongoi 


Percantaga of coocentrat on of tnlip jolce 


10% 

1 40» 

90% 

80« 

100» 

r uptterHm 

+ + 

Unbtltdt i 
+ 1 ml 1 

1 ml 

Dll 

ml 

S tulipantm 

+ + + + 

+++ 1 +++ 1 

1 + + 

+ + 

+ 

S cepno um 

+ 

Bttled tm ct 
+ 1 nil 1 

B 1 

nil 

nil 

S liUipttnm 

+ + 

+++ +++ 

+ + 

+ 

+ 


In contrast to the results with onion juice boiling has no obvious effect 
m making tulip juice more suitable for the growth of S cepivorum 


The conclusions arising from Tables IV-VU are that crude onion juice is 
highly inhibitory to the growth of S tuliparum but that this inhibition is 
removed by boiling On the other hand tulip juice is relatively unfavour- 
able for the growth of S cepivorum and this effect is not removed by boiling 
The fact that S cepivorum and S tuliparum prefer the extracts of their 
particular host plants is also shown, thou^ not so markedly as m Tables 
rV-VII, by studying their growth rates on agar media compounded with 
these extracts Comparative data after 48 hours are given in Table VIII 

Table VIII 

Growth rates in cm on different concentration^! of onion and tulip 
agar media after 48 hours 


Farcentage of concent ration 

6 liil$fmnim 

S apmrum 

of tha madimn 

— 

Onioi 

InJlp 

Onion 

Tnlip 

2 6 

1 0 

3 0 

2 9 

2 8 

0 0 

1 4 

2 B 

3 4 

S 2 

10 0 

I S 

2 4 

4 0 

S 0 

IS 0 

1 7 

2 7 

4 7 

2 7 

so 0 

S 1 

2 4 

B 1 

3 0 

SS 0 

1 8 

1 2 

4 S 

1 0 

40 0 

1 3 

1 8 

3 8 

• • 

IB 0 

1 1 

i 0 

1 2 

2 S 


Here it is seen that each fungus grows somewhat more rapidly on an 
agar medium prepared from the jmee of its own host plant 
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Table DC, which gives the growth of S. cepivorwn and S. tullparum after 
10 days at 20” C. on 20 per cent, extracts of the juice of Spanish and English 
onions, Spring onion leaves and Spring onion bulbs further illustrates the 
relatively slow growth of S. tuUparum on onion media 
Table IX 

Growth of the colonies in cm on different onion media 


Spini«>h onion I English onion 


)/H~ion coneentraUon , — ^Thc two fungi were grown on plates of Brown's 
Starch agar (pH 6-6). The medium was adjusted to different pH values by 
adding malic acid or sodium bicarbonate, which were separately autoclaved 
and added just before pouring. Inoculations of the plates were made in 
the centre by a single sclerotium in the case of S. tuhparum and three in case 



of S. cepivorum. All the plates were incubated at 20° C. for 12 days when 
the colony growths were measured. The results are shown in Text-Fig. 2, 
in whiph C«ch reading is an nvcrage of ten diwneters from five different plates, 


Siudus OH ScUrottum-Formtng Fungt-^l 


lOi 


It will be seen from the figure that the growth of S ceptvorum is fairly 
constant over a wide range (2 2-8 2) of H-ion concentration A higher pH 
than 8 2 causes the growth rate to fall considerably On the other hand the 
curve for S tuliparum shows a well-defined optimum near the neutral point 
The range of S tuliparum in the alkali side is greater than that of S cepivorum, 
and conversely for the acid side 


temperature —The temperature response of the two fungi on potato- 


dextrose agar over the range l“-35* C is shown in Text-Fig 3 Each point 


in the curves represents the average of ten measurements taken from five-fold 


senes of plates on the Sth, 9th and 13th day 



TBxr-Fn. 3 niuctiatiag effect of Temperature on Growth of 5 ctpivorum ind 
S. luUpariuiu 


The optimum temperature for both fungi is near 20° C , the minimum 
somewhere near zero and the maximum between 30° and 35° C At the 


optimum temperature, S cepivorum, though slower in beginnmg growth, 
rapidly out distances the other At temperatures removed from the opti- 
mum, both above and below, 5 tuliparum is the faster grower 

Light —The effect of light factor was tested on cultures growmg on 
20 per cent, onion agar. Brown’s Starch agar, 20 per cent turnip agar and 
Ridiard's a gar but no significant difference was observed either m growth 
rate or m the general appearance of the cultures 
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Summary 


1. Brief accounts of the literature dealing with the fungi Sclerotium 
cepivorum Berk, and Sclerotium tuliparum Klebahn are given. 

2. Morphology of the two fungi has been described. The only spores 
produced by S. cepivorum are microconidia on certain media only. Attempts 
to germinate these microconidia almost uniformly failed as only 14 spores 
altogether germinated on 20 per cent, tulip juice. 

3. A comparative cultural study of S. cepivorum and S. tuliparum 
showed that while both grew well on a great variety of media, nevertheless 
there was in the case of each a certain amount of specific reaction to the juice 
of its own host plant. In particular, crude onion juice is markedly inhi- 
bitory to the growth of S. tuliparum. Boilmg of the juice largely removes 
this effect. 5. cepivorum does not grow well m tulip juice, boiled or unboiled. 

4. Sclerotium cepivorum is favoured by an acid reaction of the culture 
medium while Sclerotium tuliparum by a neutral or slightly alkaline reaction. 

5. The temperature range of growth for both fungi is approximately 
l”-35^ C., with an optimum near 20** C. 

6. There is no significant difference by light factor either in growth 
rate or in the general appearance of the cultures of the two fungi. 
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Explanation of Plates 

Fna. 1, 3 and 3-^late cultuns of Sderotium eephorum on potatp-deoUroM agar, tulip agv 
and onion agar reflectively. 

PkM. 2, 4 and 6— Plate cultmei of Sderotium tullptrum on potato-dextreee agar, toHp agar 
and onkn agar reflectively. 
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Introduction 

Bulb-rot of tulips and white-rot of onions were first reported by Wakker" 
in Holland and ^rkeley‘ m Great Britain respectively Bulb rot, caused by 
Sclerottum tuliparum Klebahn, was subsequently recorded m Germany by 
Klebahn,^* m Switzerland by Muller-Thurgau*^ and Lendner,'* in Umted 
States by Whetzel and Arthur** and Buddm,^ in England by Brooks* and 
Dowson,** in Holland by Van Beyma Theo Kmgma** and m Japan by 
Kawamure ** Similarly white-rot, caused by Sclerottum ceptvorum Berk, 
was later reported in Italy by Voglmo'*, m Spam by Caballero,' in Europe 
and America by Walker," m Egypt and Cyprus by Nattrass,*' m South 
Afnca by Du Plessis,“ m Russia by Matzulevitch," m Argentina by 
Marchionatto,^ m Germany by Bremer,' m Brazil by Brandao* and m vanous 
parts of Australia (Anon,^ ' 1938, 1943) 

Symptoms and Mode of Infection 

The earhest signs of attack of S ceptvorum on spnng-sown seedhng 
onions usually become noticeable about the end of May or beginning of 
June The older leaves first turn yellow, starting from the tips down- 
wards, and then fall over The inner leaves collapse later on Affected 
plants can readily be pulled from the soil, because the stem base is more or 
less completely rotted Around the base of affected bulbs a white, fluffy 
mycelial growth is frequently seen Later on sclerotia are formed on or 
inside the scales as the mycelium penetrates into the mtenor and gradually 
destroys the base and the scales so that the bulb becomes rottoi and worth- 
less (Plate V, Figs 1-3) The fungus causes a semi water decay of the 
scales The sclerotia formed are minute, black and hard Attack is not 
hmited to young seedhngs, but one frequently finds large bulbs in the 
autumn showmg early stages of attack 

Hyphae of the fungus can readily be demonstrated ramifying through 
all the du^grated tissue, roots, stem and leaf bases 
108 
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When onion seed is sown in ground artihcially contaminated by the 
fungus, e g , by placing the seed on pieces of the fungal mycebum m the 
ground, more drastic attack may be shown In such a case a large percent- 
age of the seedlings may fail to come above ground 

The fungus may be seed-borne, as reported by Moore, but is usually 
transimtted by mfected seedhngs, and distributed locally by cultivaUon 
Cotton and Owen* suggest that in all cases the roots are attacked before the 
bulbs, but m the wnter's opinion this is not the case Field observation 
shows from time to time bulbs with the appearance illustrated m Plate V, 
Fig 4 In such a case the base of the bulb is entirely rotted though a large 
percentage of the roots are still not mvaded Unless special percautions 
are taken such a bulb when pulled will tear apart at the stem base, part of 
the latter being still anchored to the ground by the healthy roots 

Inoculation experiments earned out m the laboratory support the 
view that the stem base is the part of the bulb most susceptible to mvasion 
Healthy bulbs, with the leaves cut off were suspended after careful washing 
and surface stenhsation, in moist glass jars and moculated either — (a) on 
the uniAlured surface of scale leaves, (b) on the iigured surface of scale 
leaves, (c) on the unuyured stem base at the pomt of emergence of roots; 
(d) on the umnjured root surfaces Ten bulbs were tested m each lot The 
results are mdraated m Table I 


Tablb 1 


Rot OB tbo onlnjarod 

Rot OB tha lojared 

Rot OB tha oBinjuad 
•teoi baia at the jant 
of amergaace of root! 

Rot on tha oninjored 

•orfaco of Kale laavaa 

anrfaca of acala laavoa 

root luifaca 

NU 

+ + 

+ + 

+ 


While the fungus appears to be able to penetrate the surface of umnjured 
roots, it does so relaUvely slowly and uncertainly whereas it freely enters 
at the stem base The port of entry has been found to be the natural wound 
caused by the emerging root It is to be noted that no attack takes place 
through the surface of the intact outer scales 

The symptomatology of “ gray-bulb rot” of tuhps due to S tuliparum 
IS somewhat different from that of the ** wbite-rot " of onions by S cept- 
vorum In the field the disease is first imfioated m the spring by the failure 
of bulbs m certam patches to appear above ground Bulbs which are less 
severely attacked may send up some distorted leaves but as a rule no flower 
u formed When such plants are dug up, one finds that the rot is at the 
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base of the leaves, i e , at the nose of the bulb and that the leaves are only 
attached to the bulb by a thin brown connection of rotted tissues In the 
cases where bulbs fail to come up, one is struck by the fact that soil chngs 
to the extenor of the rotted part The roots of a badly infected bulb may 
be perfectly sound The rot is of a dry type and the healthy white tissue 
turns to a reddish gray colour and becomes brittle Sometimes brownish- 
black sclerotia are formed inside the bulb scales but more usually they occur 
in the soil adhermg to the bulbs In advanced stages of infection the 
mycehum forms a felty layer between the scales of the bulbs 

The fact that tulips when planted in infected grounds at the normal 
depth (about S inches) are attacked at different stages probably indicates 
that the base of the shoot is infectible over a considerable penod of time 
If however the bulbs are planted very shallow, so that their noses are just 
below ground level, the base of the shoot passes through the susceptible 
stage rather quickly This is illustrated in Table II which gives the results 
of an experiment with potted plants 


Table n 

(20 bulbs were planted and inoculated in each case) 


DMcnptioo of inocnlauoB 

No of planta 
growing above 
toil level 

No of planta 
SoweriDg 

1 CoDtrel (mninocolcted) 

» 

19 

S Baiba Inocolated at noaa when ehoott are 1 IM Inchet long 


Nil 

8 Bnl^ inocolated at noaa when ahoota are inchea long 

17 

IB 


Under such conditions the base of the shoot presumably becomes harder 
with thicker cuticle than when the bulb is deeply planted 


Attempts in the laboratory to infect portions of the flowering stem above 
ground or the leaf-blades, wounded or unwounded, were uniformly nega- 
tive 

Pot experiments indicated that the roots are not directly attacked by 
the fungus Thus in one case 20 bulbs were planted over the fungal 
mycehum, while 20 others had the mycehum placed on the nose Of the 
latter S only grew and 2 produced flowers, of the former 16 flowered In 
all cases it was the shoot bases and not the roots which were attacked 

The expemnents on influence of soil moisture and temperature on 
infection were mostly conflned to the attack of S ceplvonim on white 
spring onion (Lisbon variety) 
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The soil, a mixture of medium loam, sand and leaf-mould, was auto- 
claved and dried down The water-holding capacity of such a soil was 
found to be 46 per cent of the dry weight Six batches of this soil were 
then adjusted to moisture contents of 100, 80, 60, 40, 20 and 10 per cent 
of water-holding capacity These were placed in varnished earthen pots 
6* m diameter and with a depth of soil of about two inches The pots were 
placed under bell-jars and sufficient water added daily to each to keep up a 
constant weight The results of two sets of such experiments are given in 
Table III when the seedlings had grown for eight weeks 


Table m 


Percentage of 
toil moiBtuTe 

Eipeilment I j 

Eiperiment II 

Mo of plants 
growing in 
uninocnlated toil 

No of plants 
growing in soil 
Inoculated with 
f apivarum 

No o( plants 

1 growing in 

nni’tocolated soil 

No of plaits 
growing in soil 
inocnlatad with 

S ceptvorum 

100 

os 

40 

70 

30 

80 

07 

ss 

60 

so 

00 

SO 

12 

47 

U 

40 

SB 

2 

32 

6 

so 

IS 

10 

IS 

13 

10 

Nd 

Nil 

Nil 

Nil 


These results indicate that S ceptvomm is able to attack onion seedlings 
over the whole range at which ready germination takes place There is some 
suggestion also that the greatest development of the disease is near about 
40 to 60 per cent soil moisture, higher or lower percentages reduemg the 
disease 

The effect after six weeks of vaned soil temperature is shown in Table 
IV The experimental pots were placed in a range of green-houses The 
temperatures were not under very stnet control 


Table IV 

(Number of seeds used was 90 m each case) 


Tamperatiin In 
CentigTsde 

Nnmber of bealthj plants growing 

Control 

S tmltpamm 

S apftmm 

so*-w 

21 

IS 

15 

18«-18* 

74 

72 

24 

S*-13* 

06 

00 

82 

8*-S* 

08 

62 

40 
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The figures indicate an optimum of attack somewhere m the neigh- 
bourhood of 13'’-18‘’C At the higher temperatures, germination was very 
poor even m the controls, but there was relatively little attack At the lower 
temperatures germination was good, and there was little attack 

The good agreement shown between the series which was umnoculated 
and the one which was moculated with S tuliparum indicates, as before, 
that this fungus causes no attack 

Hon* Range 

An experiment was set up in a green-house in which 20 tulip bulbs were 
planted early in December in pots, five per pot, (n) without addition of 
fungus, (b) with mycelium of S ceptvorum at top and bottom of bulbs, and 
(c) with mycelium of S tuliparum placed as in (h) Observation five months 
later gave the results shown in Table V 


Table V 

(20 tulip buIlM wne piloted m each cue) 


Fonsvi 

No of planta 

No of pliBU 

grown 

flowwiag 

Soil amoocolitod . 

so 

18 

■S' rtftrm'iim 

so 

IS 

S tnUpmnm 

s 

B 


There was thus no evidence that S ceptvorum had produced any effect 
This expenment was repeated on a larger scale m the following year 
in the open ground 12' x 12' area was divided into 12 rows, and m each 
row 20 Pnnce of Austria tulip bulbs were planted at a distance of su mches 
apart The first row was umnoculated, the second moculated by S eeptvonm 
at the top and at the base of the bulbs and the third similarly by S tuliparum 
This scheme was replicated four tunes so that altogether 80 bulbs were sub- 
jected to each treatment All the bulbs were planted and inoculated in 
November The number of plants which had come above ground were 
counted m March and the number of plants flowermg were recorded after 
another two months The data are given m Table VI 

It IS thus clear that under conditions which were sufficiently favourable 
to enable S tuliparum to produce nearly 100 per cent infection, S ceptvorum 
had no ascertainable effect whatsoever None of the bulbs moculated with 
S ceptvorum showed any trace of the latter fUngus, either on the scales or on 
the roots, at the time of lifting 
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Tablb VI 

(80 bulbi ime planted la each ciie) 


Fgngai 

No. of planta 
appearing abora 
gronnd 

No. of idantt 
flowering 

SoU anlnocolatad 


75 

7S 

S, ciftvrum 


78 

78 

S. tujifarum 


4 

1 


From laboratory experiments, it did not appear that S. cepivorum 
could attack tulip tissue even when the epidermis was removed. Some 
growth of the fungus took place but there was no obvious effect on the bulb 
tissue. 

The behaviour of the two fungi towards onion plants was tested m a 
series of pot experiments, the results of which arc set out in Tables VII and 
VIII. 80 seeds were sown in drills, with or without inoculation, in each 
case in the unautoclaved soil senes while 108 in the autoclaved one. More 
extended tests which gave substantially the same conclusions were carried 
out on a field plot scale and the results are given in Table IX. 


Table VII 

(Ten autuiiin>«owii fcU were planied in each caae) 


Treatment 

Number of planta grown 

Number of planu healthy 

Uninoenlated eoll 

10 

10 

Inocalalad b; S. etftvtrum 

0 

4 

Inocolated by tmltpanm 

8 

8 


Table Vm 


Paiceotage Ot growth 


Treatment 

Unantoclaved aoU 

Aatoclaved toll 

Uninoenlated loll 

78-0 

’ 88 

Inocnlnted by S. aptwtrum 

4S-7 

so 

Inoenlated by S. tmJifmnm 

07-0 

78 


On account of a certain amount of variation in the percentage germina- 
tion of the seeds, the results are not so clear cut as in the converse case of 
tulip bulbs described above. The two tables however show definitely that 
S. tid^anan produces no attack of onion sets or socdUngs under conditions 
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where S ceplvorum caused the loss of approximately SO per cent of the 
plants 

A comparison of the results of the Table Vm suggests that the capaaty 
of S cepivorum to attack is somewhat greater in autoclaved than in ordinary 
soil 

Table IX 

(400 onion aeedf were used in each case) 

Treatment 


Control (uninoculeted) 
J tubtamm 
S ttptvomm 


It appears therefore from these experiments that neither S cepivorum 
nor S tuliparum is able to attack the host of the other 

A senes of inoculations was carried out with S tuliparum and S cepi- 
vorum on a miscellaneous assortment of plants possessing bulbs, corms, etc 
Inoculations were made or wounded or unwounded materials either m moist 
chambers or m the soil of pots The following is a summary of the results 
obtained 

(а) S tuliparum caused 80-100 per cent infection of Single Early tuUp 
(Artus), Single Tulip (Pnnce of Austria), Scilla sibirlca. Hyacinth (Cnnuon), 
Chionodoxa lucilue. Ins hispamca (K.ing of Whites) 

(б) S tuliparum caused infection in 40-60 per cent of Gladiolus (peach 
Blossom), Narcissus {Poeticus ornatus). Daffodil (Pnnceps), Crocus (Light 
Blue)* Snowdrop (Single) Rhizomes of wmter Aconite was less frequently 
attacked, only 20 per cent 

(c) S tuliparum produced no attack on English and Spanish mature 
omon bulbs, Spamsh and English grown autumn sown sets, seedhngs of 
white Lisbon and Red onion. Shallots, Leek (Musselburgh) 

(h) S cepivorum was not seen under any conditions to attack any of 
the plants listed under (a) or (b), whereas it vigorously attacked most of the 
omon types given under (c) Red omons, leeks and shallots were attacked 
to an extent of 20-2S per cent, only, i e , less than the other omon types 
It was noticed with both fungi that moist atmospheric conditions and 
autoclaved soil mcreased the pathogematy on almost all the hosts 

The symptoms and mode of infection of both fungi on the above hosts 
are almost the same as descnbe^ for Utc natural hosts, ie,S cepivorum 


I Perceotage of healthy ptonti 

4S 0 
48 0 
IS 0 
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attacks the base of the bulbs and S tuliparum the top and young growing 
noots 

Summary 

1 Symptoms on the natural hosts and the modes of infection of 
S cepivorum and S tuliparum are described While S cepivorum appears to 
be able to penetrate the surface of umnjured roots, it does so relatively 
slowly and uncertainly whereas it freely enters at the stem base The port of 
entry has been found the natural wound caused by the emerging root In 
case of S tuliparum it was the shoot bases and not the roots which were 
attacked 

2 S cepivorum is able to attack omon seedlings over the whole range 
of soil moisture at which ready germination takes place— the greatest deve- 
lopment of the disease being near about 40 to 60 per cent soil moisture 
As regards temperature effect, the optimum attack is somewhere in the 
neighbourhood of 13° to 18° C 

3 Under conditions which were sufficiently favourable to enable 
S tuliparum to produce nearly 100 per cent infection on tulips, S cepivorum 
had no ascertainable effect whatsoever 

4 Neither 5 cepivorum nor S tuliparum is able to attack the host of 
the other 

5 S tuliparum caused 80-100 per cent infection of Tulips, Scilla 
sibirica. Hyacinth, Chwnodoxa lucilue. Ins hispanica, 40-60 per cent of 
Gladiolus, Narcissus, Daffodil, Crocus, Snowdrop, 20 per cent of rhizomes 
of winter Acomte, and produced no attack on onions, shallots and leek. 
S cepivorum on the other hand attacked vigorously most of the omon types, 
leeks, shallots and red-omons only up to an extent of 20-2S per cent , while 
It could not attack the hosts of S tuliparum 

6 It was noticed with both fungi that moist atmosphenc conditions 
and autoclaved soil increased the pathogenicity on almost all the hosts 
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Arthur, J. 

Explanation of Plate 
F lo. 1. Two healthy eprint ooioa bulbi with root*. 

Fu. 2. Two dlaeaied apmin onion planta. The black covering all round the bate In the 
mycelial mat and iderotia of the pathogen. 

Flu. 3. An advanced caM of attack of 5. eepiwum The photo ihowi the whole plant of a 
eiKhig onion, the leave* have all dried and fhllen off. 

Flo. 4. An eariy atage of infection by S. eapHontm on onion bulb. Though the baae of the 
bulb U rotted yet only a few root* have gone. A high pereentage of healthy 
roon ia ahown beie. 
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STUDIES ON SCLEROTIUM-FORMING FUNGI 


I. Scletotium ceptvorum Berk and Sclerottum 
tuliparum Klebahn 

Part S Pactmaaa Activity and Preparation 
By R P Asthana, M Sc , D I C , Ph D (London), F A Sc 

IMyeohglMl to Gownmaa, CPA Borar, Nagpir) 

Received Apni 24 1947 

There are certain factors which condition invasion of particular hosts by 
some iiingi and not by others The chief relevant references are given below 
Walker, Lmdegren and Bachmann* report the presence of toxic sub- 
stances in the ]uice extracted from succulent onion scales They remark 
that these toxms are of two general types, one which is neither removed nor 
broken down readily by heat and one which is volatile and passes off from 
the extracted juice at room temperature within a few hours There is a 
gradual decline during storage of onion bulbs in the amount of volatile toxm, 
a decline which is hastened by increase in temperature The fungal spores 
generallv become more sensitive with age to the volatile toxin When com- 
paring onion pathogens and non-pathogens they found no strict negative 
correlation between pathogenicitv to onion and sensitiveness to the toxins, 
which only mdicates that other factors enter into the deteimmabon of the 
parasitic relation Considenna the onion parasites as between themselves 
there was evident a negative correlation between agere8Sl^eness of parasitic 
attack and sensitiveness to the dissolved and volatile toxins The presump- 
tion, however, is that as the parasites mvade the tissue the host toxms, thou^ 
attenuated by fungus enzymes may possibly exert some retarding eflTect 
upon the mvader If this be the case, it is suggested that the host toxins 
may be one of the numerous factors which detemune the degree of parasitism 
attamed by a given parasite 

Vasudeva* gave an analysis of the factors responsible for the failure of 
Manila fructigem to attack onion and Botrytis AJhi to attack ajiqile He 
observed that the chief feature shown by spores of Monilia, when placed m 
wounds on omon, is their failure to gennmate This u due to the presence 
of a thermolabile substance which can be extracted with ether or chloro- 
form On the other hand, the failure B Alhi to attack ai^Ie tissue is not 
due to any inhibitory or retarding action of triple juice It could be made 

U7 
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to parasitise by adding to the inoculum a certain concentration of a nitro> 
genous substance The effect of a mtrogenous compound ui stimulating 
attack by B AVii was found to run parallel with its effect in stimulating the 
secretion of the pectmase enzyme He also found that by artificially 
ripemng the apples, they become susceptible to B Allu attack 

Chona* studied the enzymic behaviour of certam apple-attacking fungi 
{Botrytis cinerea, Fusarium fructigenum) with that of parasites on potato 
{Pythium sp , Phytophthora erythrosephca) Ordinarily the apple attacking 
fungi did not attack potato and vtre versa but he found that with the supply 
of an additional nitrogenous food a certain amount of such cross infection 
could be brought about The pectmase activity could be retarded by pH 
concentration and by the action of certain plant extracts and chemicals, the 
retardation dependmg on the medium into which the enzyme was secreted 
Menon^ has shown that the behaviour of the pectmase is modified by 
the nutrient medium m which the fungus is growmg According to him the 
nature of the nutrient medium modifies the capacity of a fungus to secrete 
pectmase He assumes that certain substances are adsorbed from the nutn- 
ent medium and this adsorption modifies the properties of the pectmase 
Thornberiy has dealt with the pectmase activity of eight strains of 
Piaarium sp from tobacco stems, two of ScJerotium bataUcota {Macrophomina 
phaseoh), Sclerotima srierotiorum, S trifohorum, Rhizoftoma sp from 
tobacco, three strains of Thielaviopsis brasicola, Phytomonas {Bacterium) 
mori, P tabaca {Bad tabacum) and P angulata {Bad angulalum) The 
determination of the pectmase activity was accordmg to the method of 
Neuberg and Ostendoif {Biochem Z, ccxxix, p 464, 1930) Accordmg to 
them extracts from pectase active plant tissues hydrolyse the ester linkage 
o( the half calcium salt of monomethyl tartanc acid llie ester being water- 
soluble and hydrolysable by pectase into soluble methyl alcohol and m- 
soluble half calcium salt of tartaric acid, this method of determmmg pectase 
activity offers promise of utility for quantitative measurements based upon 
the precipitate formed Thomberry by workmg mth the above method 
observed that freshly isolated cultures of Fusarium sp gave moderate 
hydrolysis, whereas little or no acuvity was shown by those that had under- 
gone repeated subcultunng since removal from their host S sclerotiorion 
and S trtfohorum were only shghtly active but considerable hydrolysis took 
place m the tubes inoculated with ilf phaseoh The tobacco Rhizoctimia 
gave negative results, while those obtained with T basicola were variable 
The pectmase enzyme of the two fungi, Sclerotaan cepivorum and 
$ tuliparum^ was prepared from cultures on plu^ as well as on flasks, 
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Only the enzyme excreted b> the fungi was taken mto account The enzyme 
by the plug method was prepared by piacmg blocks of potato, turnip, etc , 
m boiling tubes havmg absorbent cotton wool soaked with water, at the 
bottom. Such tubes were autoclaved, inoculated and incubated at 20" C 
for different periods The decayed portion as well as the fungal growth 
was removed and the luice squeezed, centnfuged and tested for pectmase 
To obtam pectmase from flask cultures, 40 c c of medium were inoculated 
in SOO c c conical flasks and incubated at 20" C for 10 to 20 days The 
bquid was then filtered off and tested for pectmase The test of activity 
was the usual one of the disintegration of potato discs (50 thick) as de- 
scribed by Brown ^ For each experiment, as far as possible, potato discs 
were taken from the same potato so as to avoid tissue variation 

Preparations of the external enzyme were made m a standard manner 
from IS days old plug cultures of potato, carrot, turnip, tulip and onion 
These, when tested on standard potato discs, gave the activities shown dia- 
grammatically m Fig 1 



FU I Pectmai acuvity of 5 eepivorum and 5 lutipanim on dillbient pluc cultuna 
From the figure it is clear that on media other than omon the activity 
of S eepivorum is less than that of S tuliparum This applies also to tulip 
as a medium On the other hand, the enzyme prepared from S cepivonan 
on omon plugs is much stronger than that of S tuHparum on this medium. 
The correspondmg diagram for the enzymatic extracts jirqiaied frpm 
days' oltl fla^ cultures is given in Fig 2, 
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Fn 2 Fecboate acuvity of S eepttomm, S tubfiarum on flask cultures 

It Will he noticed that here in all cases the pectinase activity of S cepi- 
vonan is much stronger than that of S tuliparum, but the tendency of the 
curves is the same as in the previous figure 

The enzyme from both the fungi was also obtamedfrom IS days’ old 
flask cultures of synthetic and 20 per cent tulip and onion extracts The 
pectinase activity on different cultures from the two fungi are given in Table I 


Table I 



Pcctlntie activity 

F.ng« 

Richard a aolntion 

BroltD a aiarcb 

20% onion 

10% tallp 

J aptvnim 

IW 

n 

ss 

80 

S lniifarmm 

100 

ss 

71 

N 


The activities recorded m Figs 1 and 2 have reference to potato dues 
est matenal A comparative study of potato, tuhp and omon discs gave 
data shown m Table 11 m which the tunes required for dumt^ration 
recorded 

A companson of columns 2 and S of thu table shows that S cepivonun 
produces a more active enzyme than S tulipanon when omon plugs are 
pied (u iqediA and that the converse apphes when tul^ plu^ are qfpd* 
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Table II 



PaLtina 

laa frein onion plug j 

Pecbnaie from tnlip pings 


jpetate duel 

Tnlip dines 

Omen dl cs 

Potato dibcs j 

Tnlip di<a 

Union discs 

S eitnorum 

40 mia 

3 hri and 
30 nun 

I hr and 

60 mm 

00 mm 

2 nrs and 
63 min 

S hrs and 
10 min 

S lultparum . 

1 

1 

3 hra 

3 hn and 
40 mitt 

40 min 

S hrs and 
IS min 

3 hiB. and 
20 min 


Companson of columns 2 and 3 shows that though the enzyme of 
S tuliparum is only about half as active as that of S cepivorum when tested 
on potato discs, it is fully more active when tested on tulip material In 
other words tulip material is specifically more sensitive to the enzyme of 
S tuliparum 

Similarly a comparison of columns 5 and 7 shows that the enzyme of 
S cepivorum is specifically more active on onion material than is the enzyme 
of S tuliparum 

Effect of various factors on Pectuiase activity — The data as regards the 
effect of H‘ion concentration on the pectinase activity are given in Fig 3 



PH concentration 

Fn. 1 RfUtHO of ooDOCBlntian to the pectinue lotlvity of 5. esotpenm ead 
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To obtau a range of pH, different amounts of N/20 HCl or NaOH were 
added As a control to this experiment another range of pH was set up 
without the extracts which were tested for pectinase activity Here it was 
found that within ten hours time there was no disintegration in the potato 
discs withm 3 S-8 6pH range Therefore any effect shown within this 
range was due to the pectinase present The pectinase activity of the extract 
without any added acid or alkali was taken to be 100 

A study of the above figure shows that there is a marked liking of 
S cepivorum enyyme for acidity, especially the one from omon plugs The 
curves for the preparation of S tuliparum do not slope continuously to the 
right but either show no definite response to pH concentration at all or show 
a mmimum of activity near the neutral pomt and a rather steep upward 
gradient on the alkaline side 

It has alrendy been shown expenmentallv that the growth of 5“ cepnenim 
IS fairly constant over a wide range (2 2-8 2) of H-ion concentration A 
higher pH than 8 2 causes the growth rate to fall (.onsiderably On the 
other hand the growth of S tuliparum shows a well-defined optimum n<»iir 
the neutral point The range of 5 tuliparum m the alkali side is greater than 
that of S ceptvorum and coniersely for the acid side 



Dilution 

PM 4 Hw niathie oflact of dfludoo by mter, ocuoa and tulip juice oa the pectinase 
aanfiy <»>on Phip 



on Scltrottum-^ormtng P'uHgt^I \2% 

It IS interesting to recall m this connection that S cepivornm is favoured 
m Its growth, as stated above, by an acid reaction, so that to that extent the 
reactions of the fungus and of its enzyme are similar 

The reiatne retarding effects of various diluting substances (water, tuhp 
or onion juice) are shown in Figs 4 and S In the former the medium used 
was onion and in the latter tulip plugs The cultures in both cases were 
three weeks old 



Pn S The relative effect of dilution by water, onion and tulip juice on the pectmaae 
activity ffom tulip pluga 

From both of these figures it is seen that certain dilutions by tuhp juice 
instead of reducing considerably increase the activity while the presence of 
onion juice retards The extracts of both fungi behaved similarly m this 
respect 

Summary 

1 Sclerotium cepivorum and Sclerotiuni tuliparum both were found to 
excrete pectinase enzyme on a vanety of media 

2 Sclerotium cepivorum gave more active preparaUons of this enzyme 
when grown on onion than on tulip tissue, and the convene was true for 
S. tuliparum 
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3. There was evideoce that tulip tissue was specifically more sensitive 
to the enzyme of S. tuUparum than to that of S. cepivorum and conversely. 

4. The enzyme prepared from S. cepivorum was more tolerant of acidity 
than that of S. tuliparum. 
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STUDIES ON THE REFRACTIVE INDEX OF MILK 
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The refractive index (R I ) and Refractive Constant (K) of a large number 
of samples of cow and buffalo milk^ and their normil limits of variation 
were given in an earlier paper (Rangappa, 1947) The samples in that 
experunent had been largely chosen at random from a big herd of about 
400 animals without paying particular attention to any of the factors that 
are likely to affect the two values But these values having been newly 
worked out for milk, the causes and extent of their variation under natural 
and routine conditions of animal management are to be looked for With 
this object in view the effect of the more common factors like parturition, 
time of milking, quarter of udder, season processing, storage of milk, etc , 
have been studied in this paper 

Experimental Results 

Milk samples were obtamed from the same dairy farm which supplied 
samples for the last set of experiments (loc at ) 

effect of Calving — Calving began this year in June and lasted through 
July up to about the end of August This happens to fall m with the rainy 
season which continues intermittently up to November The R T and K 
of a number of samples were followed through the colostral stage until the 
values became normal Fig 1 illustrates the effect of this factor 

The high imtial values, it will be seen from the Ogure, come down to a 
steady normal in less than S days It may be mentioned that the initial 
values fall m with the high S N F contents of the colostrum The refractive 
constant, also high initially, reaches normal levels a little sooner than the 
R.I 

Diurnal Variations —Indmdual and bulk samples (from IS to 25 
animals) analysed over a week ar? illustrated in Fi^ 2 

111 m 
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The figure shows appreciable fiuctuations from day to day both of the 
R.I. and K of milk. But the variations in bulk samples are, as might be 
expected, not so wide as in individual samples. It is also to be noted that 
the range of variation of K is much less marked than that of R.I. 

Effect of Time of MiO(ing,—Y\%. 3 illustrates the variations of the 
constants with the time of milking. The animals were milked at 7-30 in 
the morning and at about the same hour in the evening. 
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\2l 



Fto. 2. ThBN noutkm nfor to ill Uk fisunt in thla paper 


The figure shows that while the constants differ from morning to even- 
lug, the order of wsriation. like the differenoes from day to day, is unpredict- 
able. 
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Effect of Season —The chmate of Bangalore being more or less, tempe- 
rate throughout the year no violent seasonal changes in the form of extreme 
cold or extreme heat is experienced The only difference markmg one part 
of the year from another is the wet and dry seasons In 194S the rams 
ceased in November markmg the commencement of the dry season From 
December onwards the animals began to feed on dry fodder (ragi straw) 
for roughage which continued up to end of April 1946, the peak of summer 
or dry season In May the heavy S W monsoon rams started and contmued 
mtermittently up to the middle of June Durmg this tune the animals were 
given partly green and partly dry fodder This was followed by the N E 
monsoon ^gmnmg from the middle of July with frequent rams which 
lasted (unusually) through November and Det^ber In the short mterval 
between the two monsoons the cattle were fed for a few weeks on dry fodder, 
after which (August to December), they were given roughage made up half 
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of greens (maize stock grass and lucerne) and half of chopped hay The 
concentrates (groundnut cake nee or wheat bran and Bengal gram) at the 
rate of 1 lb for every 3 lb yield of milk remained the same throughout the 
year 

Bulk and mdividual samples were analysed twice a week on Monday 
and Fnday from January to [December 1946 The monthly averages of 
R I and K of these samples are given m Fig 4 In addition to these a 
large number of individual and bulk samples were also analysed every month 
Table I gives the maximum and minimum values of R I and K of all the 
samples 

Table I 

Seasonal variations in the RI and K of Cow and Buffalo Milk 


cow 



Indl 

oal 

Buk 

Sfltion 

R 1 (40 C 
Maa M n 

K 

Max Mn 

K I (40 C) 

1 Max Min j 

K 

Max M 

Jtnoor; to Apr I 

Av«i«g« 

1 3402 1 3443 

1 34 4 

0 3075 0 2006 

0 2008 

1 3470 1 3449 

1 4465 


Maj to July 

ATtrage 

1 8470 1 3463 

1 J400 

0 3074 0 300.) 

0 3009 

1 3470 1 8449 

1 3450 

0 8074 0 2005 

0 8070 

Aagaat to Docembor 
Avarago 

1 3478 1 3400 

1 3400 

0 2080 0 2004 

0 2072 

1 3472 1 3458 

1 3403 

0 207o 0 3000 

0 2071 


BUFFALO 


January to April 

Avaraga 

I 3488 1 7402 

1 8474 

0 2080 0 2077 

0 2081 

1 8488 1 3401 

1 3477 


May to July 

Average 

1 3403 I 3402 

1 3479 

0 2084 0 8070 

0 8081 

1 8484 1 8403 

1 8474 

0 8000 0 2070 

0 2081 

Allgnat to December 
Average 

1 3497 1 3471 

1 7483 

0 2068 0 80711 

0 2080 

1 

1 3501 1 3408 

1 8470 

0 8088 0 2078 

0 2079 


It can be seen from the table and the figure that the rainy season prob 
ably due to green feed causes considerable change in the order of values 
of refracUve index of milk From May onwards (except for the mterval 
between the monsoons in July) to December and January there is a marked 
upward shiR in the hmibng values of the refracUve mdex of mdk especially 
of cows, thus setUng different limits for the wet and dry parts of the year 
This 18 noticeable in both individual hulk samples The buffalo howi 
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no. 4 

ever, seems to be a little less susceptible to the changes in season than the 
cow. It should also be mentioned here that in normal years, when the rains 
usually end in November, the fall in R.I. might be expected to start earlier 
than during the current year. The refractive constant, on the other hand, 
runs more or less evenly within its narrow limits all throu^ the year. This 
it obviously because the green feed ^ch raise* the R.I, also raises the 
density of milh. 
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Portions of a Milking— A ntimber of individual animals were miUced, 
from fore milk to stnppings in 3 or 4 nearly equal parts examined for R I 
and K, and the examination repeated after pooling all the yield from the 
animal An example of the type of variation of the two values are given in 
Table n 

Table II 


R I and K of Portions of a Milking 


cow 

BurrALo 

Portion 

R I (40*C)| 

K 1 

R I (40* C )| 

K 

Fora milk 

1 S4a7 

0 ao69 

1 8477 

0 8073 

Middle 

68 

73 

78 

79 

Final 

67 

78 

78 

88 

Foaled milk 

69 

76 

78 

78 


The table shows that only the refractive constant steadily rises from 
fore milk to stnppmgs, and that the pooled milk gives values of K always 
within normal limits This is accounted for by the falling density of the 
later portions of the milking (owing to the mcreasing fat content) while the 
RI remams practically the same 


Different Quarters of the Udder — ^Milk collected separately from the 
four quarters of the udder have also been analysed The results are given 
in Table 111 

Table UI 


R I and K of Milk from Different Quarters of Udder 


COW 

BUFFALOW 

Qaarter 

R 1 (40* C ) 

K 

R I (40* C ) 

K 

Left fora 

Left hind 

Right fore 

Right hind 

Bofked 

1 3468 

78 

69 

74 

70 

0 8067 

08 

68 

74 

76 

1 3483 

91 

87 I 
91 

88 

0 8079 

77 

76 

77 

88 


The figures in the table show that appreciable differences do exist m 
the values of the constants of milk from the different quarters of the udder 
But the differences are neither orderly nor predictable This is to be 
expected as each quarter is a umt which functions mdependent of the others 
The 9 omtant 9 of pooled miUt, however, he wiUun qormal limits, 
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Storage of Milk — In commercial practice there is usually a tune lapse 
between milkmg and retaibng the milk to the consumer The effect of this 
factor on the refractive index was therefore studied Milk samples were 
stored at room temperature (17° S-2S*C) m conical flasks plugged with 
cotton>wool the acidity and R I tested every few hours until the milk Anally 
curdled The graph connecting aadity with R I is given m Fig S 



toot C mUK 

] 5 Effect of Acidity on R I of Milk 

It is apparent from the flgure that the fall m R I is quite slow and 
gradual, there being a slight nse occasionally m the initial stages Elsdon 
and Stubbs (1927) have also observed this fact with respect to milk serum 
But the degree of or per cent vanation m the R I of milk with the nse m 
acidity before curdhng compared to the variation in the R I of serum from 
sour milk or of stored serum is very inconsiderable And the disadvantage 
referred to by the above authors arising from the rise m the value of R I of 
serum of old milk or of stored serum fails to anse m the case of the present 
method wherein it is impossible to determine the R I of soured milk for the 
simple reason that it has ceased to be milk owing to the precipitation of one 
of the major constituents, the casein, of milk But this limitation of the 
apphcabihty of this method to fresh milk can be overcome by addmg 
the minimum amount of formaldehyde necessary to keep the milk from 
curdling For it has been shown by Schultz and Wein (1913) that 
addition of formahn in such minute amounts causes no palpable diflemce 
m the refractive mdex of the milk serum 

In terms of time of storage of milk, it has been found m this experiment 
that there is no detectabk change m the R I m the Arst S to 12 hours of 
Storage 


Studus on the Rtfrachvt Index of Milk — II l3i 

It may be mentioned here that in all these experiments the hmits of R I 
and K of cow and of buffalo milk remam characteristically disUnct from one 
another 

Effect of Processing — Boihng is the popular method of processmg milk 
m India Two litre samples of milk were therefore boiled m an open tinned* 
brass vessel over a kerosene stove with continuous agitation (to prevent the 
formation of skm and residue) up to a total of ten minutes after the milk 
commenced to boil At intervals of a few minutes the reduction m volume, 
the R I of the processed milk and the densities were determined Fig 6 
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represents the order of variation of R 1 and K. with respect to fall in 
volume of milk The imtial and final composition of the milk are given 
m Table IV 

Table IV 


Effect of Boiling Milk on the Refractive Index and Constant of Milk 


Milk 


Fat % 

S N F « 
(Caicniated) 

R 1 (40* C ) 

1 

K 

UnprocMied 

1 0S03 

S 2 

0 OS 

1 8408 

0 2072 

Boiled for 10 minatoa 

1 04sa 

8 1 

is n 

1 SMB 

0 2141 


It IS evident from the above figure and table that the R I and K rise 
steadily with the rise in concentration of processed milk 


Fmally, in order to facilitate the determination of the R I at the pre- 
vaihng room temperature, readings were taken at 15°, 20®, 27®, 35® and 
45® C It was found that for every 1®C nse of temperature, the RI of 
milk falls by 0 00012 m the range between 20° and 45® C 

Summary 

A number of routine natural and artificial factors that are likely to 
affect the values of the refractive mdex and refractive constant of cow and 
buffalo milk have been investigated 

Colostrum exhibits a high R I and K, both of which reach normal levels 
in 3 to 5 days after parturition 

Differences in the two constants of milk occur from milking to milking, 
from day to day and between milks from different quarters of the udder. 
But the Older of variation is unpredictable in every case The different 
portions of a milking, however, exhibit a more or less uniform R I and a 
steady nse in the value of K from fore milk to shippings But m all 
instances, pooling of the total yield from the animal restores the values to 
normal Imuts 

The ramy season, when fiish pasture is available for cattle, appears to 
cause a marked nse m the limits of R I of milk, while the lumts of K r emain 
the same all through the year 

Rigorous boiling of milk causes a steady nse m the values of both 
RI and K 

All the data point to the fact that factors which cause a nse m the 
fat'free sohds of milk also mcrease the measure of the R I The refractive 
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constant, on the other hand, remains within normal limits owing to a corres- 
ponding change in the density of milk under natural conditions of variation 
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THE NATURAL OCCURRENCE OP ERGOT 
IN SOUTH INDIA— III 

By T S Ramakrishnan 

(Afveoity/ Department AgrlcuUurai Retearch Intiinae Coimbatore} 

Reonved January 23, 1927 

(Communicated by Rao Bahadur Dr B Vuwanath, cib.dsc Faic.vxac) 

Since the publication of the earlier communications on the natural occur- 
rence of ergot m South India (Thomas et al I, II, 194S) more hosts affected 
by Clavtceps have been discovered Descnptions of the fungi on these 
hosts and the results of some inoculation expenments are recorded in this 
communication 

1 Cynodon plectostachyum Pil^r — ^This is a new grass recently intro- 
duced into (Zounbatorc by the Government Lecturing and Systematic 
Botanist for tnal as a fodder It was found to be severely infested by 
Claviceps dunng November 194S to January 1946, and again m December 
1946 The sphacelial form is conspicuous as white drops of sticky honey 
dew A number of such drops arc visible in a spike The conidia are of 
two types One kind of conidium is hyaline, oblong or remform, measuring 
15 9x69 (11 — 85x35 — 7 4)^ (Fig 1) The second type is smaller 
more or less elliptical or sometunes subsphencal, hyalme and measurmg 
94x73 (7 —11x56 — 9 3)ii The smaller type seems to be the 
secondary conidia formed by the germinating bigger conidia The sclerotia 
usually d^elop in January They are black, slightly bent, protruding beyond 
the glumes and measurmg 3 — S 5 x 1 5 mm 

This fungus closely resembles the one on C dactylon The comdial 
measurements and the ^ape and size of the sclerotia are almost identical on 
both the hosts and it is considered that both of them belong to the same 
speaes A further comparison of the ergots occiirnng on different hosts 
brings out the close resemblance of the comdial stages on Dtgitaria chmensis, 
D walhchuuia, Panicum maximum, Cynodon dactylon and C plectostaehyum 
Spore suspensions of comdia from P maximum were sprayed on open flowers 
of C dactylon Even after 15 days there was no sign of mfection But 
this does not necessanly mean the fungi on these two hosts are not the same 
species In the genus Claviceps spectalisation of parasitism exists and m the 
same species some strains do not pass on from one host to another (Atanasoff, 
1920) However without the knowledge of the stromatal and pentbecial 
characters it is unsafe to determine this species of Claviceps, 
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2. Vetlveria Lawsoni Blatt and MacC. — This is another grass under 
experimental cultivation in the botanic Garden at Coimbatore which exhibits 
severe infection by Claviceps in December. The comdial stage appears as 
sticky translucent drops which finally dry up into creamy white hard round 
masses outside the spikelets. Sometimes the fluid spreads over the glumes and 



Fig. 1. Conidia of Cfavictpj on Cynodon phteloslachyum. 

„ 2. „ Paspalldium flaridum 

„ 3. Sclerotia on Faspalldlam flovldum. 

„ 4. ConidIa on Cenchrus ietlgerus 

„ 3. „ yeiiverla lawwni 

^6 „ Heleropogon eonlorius. 

^7 „ iKhaemum pilosum 

,, 8. „ UroeUoa panicoldes. 

(All drawings of conidia x .SOU) 

forms, on drying, white deposits over the surface of the alTected and adjoin- 
ing spikelets. From this white colouration the disease can lx: easily spotted. 
The conidia are hyaline, oblong with straight sides or constneted slightly 
in the middle. They measure 10-2 x 4-2 (7-4-11 x 3 7-5 5)^ (Fig. 5). 
The diseased spikelets are soon overgrown by Cerebella which arrests the 
BS 
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formation of sclerotia though it enables one to easily locate the affected spike- 
lets On dissecting open some of the spikelets, not overgrown by Cerebella, 
small black sclerotia 2-3 S x 0 75-1 mm in size can be seen tetwecn the 
glumes replacing the ovary The base of the sclerotium is sometimes purple 
in colour 

3 Ischaemum pilosum Hack — ^The honey dew is noticed as clear or 
white drops later turning brown outside the glumes The conidia are 
hyaline and oblona with rounded ends The contents are granular with the 
granules often grouped at the two ends The comdia measure 11 4x30 
(8 4-14 4 x 4 8-S 6)/x (Fig 7) Here also Cerebella easily overgrows 
the fungal tissue and sclerotial formation is thus prevented In some of 
the affected spikelets with no Cerebella infection small dark sclerotia measur- 
ing 3 X 0 5 mm were noticed inside the spikelets in the place of the ovary 
and completely enveloped by the glumes The ergot on Vetneria lawsom 
and Ischaemum pilosum are identical and must be considered as belonging 
to the same species They fall into the same group as those on Themeda 
tnandra Ischaemum anstatum Andropogon Imdus and Cymbopogon flexuous 
(Thomas et al 1945) Ajrckar (1920) has recorded •’ Sphaceha on Ischaemum 
pilosum but the spores arc stated to be curved Hence the fungus recorded 
now is quite different 

4 Paspalidium flavidum A Camus — This is a common fodder grass 
found in many parts of the provmce At Coimbatore it is affected by ergot 
in the months of November and December The honey dew protrudes as 
a sticky pearly drop from the spikelct Later it may spread over the glumes 
and pedicels forming white crusts The conidia are hyahne, lunulate and 
measure 16 x 5 (12 8 20 8 x 4 8 6 4)/i (Fig 2) Sclerotia are formed 
These are dark brown to black curved 4 5x1 mm and projecting out 
from between the lemma and palea (Fig 3) 

5 Urochloa pamcoides Beauv — ^This is a good fodder grass common m 
all districts of the province It is also affected by ergot at Coimbatore 
The sphacebal stage develops in individual spikelets forming translucent 
to white drops exuding from the spikelets Later, these harden mto brown 
masses runmng over the glumes Sometimes the whole spikelet is covered 
by a white deposit by means of which the affected spikelets can be easily 
recogmsed The comdia are hyaUne, fusoid to lunulate, measurmg 15 4-5 1 
(12 8-19 X 3 2-^ 4)/x (Fig 8) The sclerotia are sniall, brown, globose 
to oblong 1 5 X 0 5-0 75 mm and occupying the position of the ovary 
between the lemma and palea There is a close resemblance between the 
ergots on Paspalidium flavuHum, Urochloa pamcoides, Urochloa reptans and 
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Brachiaria di\tachya The last named host was severely infested during 
December 1946 at Coimbatore Thirumalachar (1945) has recorded a 
similar ergot on B distachya from Mysore 

6 Heteropogon contortus Beauv — Thomas et al (1945) have recorded 
an ergot on this host having mainly triangular conidia During December 
1946 another type of sphacelial infection was noticed on this host besides 
the one recorded before The honey-dew formation was more or less similar 
to the one noticed earher but the conidia were different They were hyalme 
oblong, with rounded ends, very rarely tending towards reniform and 
measured 15 0 x 5 1 (11-19 x 4 8 6 4)/* (Fig 6) The honey dew soon 
dried into while or cream coloured masses projecting out of the spikelets 

Thirumalachar (1945) has also recorded from Mysore oblong conidia 
of the same size in sphacelial infection of this host Thus this host appears 
to be susceptible to infection by two different typvs of Sphacelia 

7 Cenchrus setigerus Vahl — ^This grass is common in all open places 
in this district A widespread epiphytotic of Sphaceha was noticed on this 
grass from the month of November, 1946 The infection involved cither 
some of the spikelets of the panicle or all the spikclcit) A creamy white 
drop of fluid collected at the apex of the spikcLt and fowed down the 
sides where it dried into white deposits clearly visible against the dark purple 
colour of the spikelet The conidia were mainly lunulate sometimes fusoid, 
hyaline and measured 17 9 x 4 8 (12 8-26 x 3 2-6 4)^ (Fig 4) The 
ovary and rarely the stamens also were enveloped in a compact hyphal mass 
From the surface of this mass large members of conidiophores were deve- 
loped in a closely packed folded hymenial layer The formation of distinct 
sclerotia was not observed 

This resembles the Sphaceha recorded on Cenchiu\ cihans (Adyantayya, 
1946) and Pennisetum hohenacken (Thomas et al 1945) Conidinl suspen- 
sions of the Sphaceha on C setigerus were sprayed on healthy blooming 
panicles of C cihans, C setigerus, Brachiaria rumosa Panicwn maximum 
and Apluda aristata The inoculations were earned out during a spell of 
rainy weather and the expenmental plants were kept inside glass cages or 
under bell jars for three days to provide favourable conditions for infection 
On the nmth day a number of spikelets of C cihans, C setigerus, and 
B ramosa were showing boney^lew formation The controls and the other 
hosts were free Thus the ergot passes from one host to another The 
conidial characters also indicate that the same species is present on C ciluiris 
C setigerus, B ramosa and P hohenacken (though inoculation experiments 
were not nmHii! on the last named host) The infection of the spikelets of 
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C cdiaru is possible when inoculations are made when the anthers protrude 
or earher Six spikes were completely immersed in spore suspension for 2 
minutes, three days after emergence and long before the flowers opened 
In the course of ten days all the spikelets in the inoculated spikes were found 
infected with the honey-dew formation while the controls bloomed normally 
Anthesis did not occur in the inoculated spikes 

Thirumalachar (194S) is of opimon that the ergot on P hohenackeri 
“comes nearest to or is identical with Clanceps tmcrocephala,” judging 
from the colour of the stroma size of ascospores and perithecia But the 
comdia of this species are small and oval and measure 7 8 x 3-S p, while 
the conidia of the fungus on P hohenckeri are bigger, lunulate, and measurej 
20 4 X S 8/1 (Thomas et al , 1945) Consequently it is evident that the/ 
ergot on P hohenackeri is different from C microcephala Judgmg from\ 
the comdial characters the tentative grouping of the ergots suggested by 
Thomas et al (1945 1) has to be shghtly modified In the first group in 
which curved and fusoid comdia are observed the two subdivisions may 
be modified as follows — 

Nature of comdia Host plants 

(1) Comdia of various shapes 

(fl) Comdia remform Cynodon dactyhn 

C plectostachyum 
Digitaria chmenais 
D walhchuma 
Panicum maximum 

(b) Comdia lunulate Urochloa replans 

or fusoid U pamcotdes 

Apluda artstata 
Cenchrus cdiaris 
C sehgerus 

Pennisetum hohenackeri 
Brachtaria ramosa 
B disiachya 
Paspalidium flavidun 

8 Sorghum spp —The occurrence of Sphacelia sorghi on many varieties of 
cultivated gram sorghums (5 vulgare, S Ourra, S Roxburghiana, etc ) have 
been recorded from various parts of India, Burma and Africa During this 
year the sugary disease was observed on a number of wild or exotic sorg- 
hums also at the Millets Breeding Station, Counbatore, during December, 
The species that v ere involved are S halepense Pers , S anmdinacewn Stapf , 
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S verticilliflorum Stapf , S miens (B & P ) Snow , S caffrorum Beauv , and 
S membranaceum Chiov In all these pearly drops were seen exuding from 
the spikelets These later dned into white deposits sometimes connecting 
together the contacting spikelets The ground underneath the affected 
plants was bespattered with white spots The conidia in all cases were alike 
being oblong with rounded ends and slightly constricted in the middle measur- 
ing on an average 16 x (12 19 x S-ft) The size, shape of conidia, 
and the symptoms of infection are similar on all the hosts and agree with 
those of Sphacelia sorghi McRae Sclerotial formation was not in evidence 
on any of the hosts 

Summary 

Six new hosts of Clavicep^ ha\e been recorded and the fungal characters 
on these hosts are described These fungi fall into one or the other of 
the groups previously recorded by Thomas et al (1945) for the ergots occur- 
ring in South India A slight modification of the grouping adopted by 
Thomas et al (1945-1) in classifymg the ergots by the conidial characters, 
has been made Wild and exotic species of sorghum were infected by 
Sphacelia sorghi 
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PHYTOPHTHORA PALMIVORA BUTLER CAUSING 
A SEEDLING BLIGHT OF HIBISCUS ESCULENTUS L * 

By M S Balakrishnan, M Sc 
Received April 18, 1947 

(CommunKated by Rao Bahadur Dr B V Nath, fak cie,dk fric) 

While raising seedlings of Hibiscus esculentus L for inoculation expenments 
with a species of Pythium recently isolated from that host, it was noticed 
that there was severe collar rot and seedling blight m many of the pots 
Most seedlings were attacked while still in the cotyledonary or four-leaved 
stage and infected plants soon wilted, fell over due to rotting at the collar, 
and died (PI Vll Fig 1) Infection was very severe during ramy spells 
followed by cloudy days resulting m losses ranging from 8S to 90 per cent 
During one week in particular when there was very heavy ram for three days 
followed by overcast weather all the 180 seedlmgs in 25 pots were killed 
Exammation of blighted seedlings showed extensive rottmg of the collar 
region often followed by stem and root rot (PI VII, Fig 2) 

The causal organism v><is isolated by using bits of surface sterilised tissue 
taken from the margm of the rotted portions and small bits of rotted stems 
and roots Out of a total of 20 isolations, 17 yielded pure growths of a species 
of Phytophthora In the remaining three instance Rhizoctonia solam was 
present along with Phytophthora However, as Phytophthora was present 
in all cases and as 17 out of 20 isolations yielded pure growths of this fungus, 
It was assumed that this was the causal agent and that R solant was only a 
secondary parasite Inoculations earned out later with pure cultures con- 
firmed this conclusion 

Isolates of this fungus grew well on most culture media, growth bemg 
especially luxuriant on oatmeal, frenchbean and carrot agars Of these 
three, oatmeal was found to be the best and was used for maintenance of 
pure cultures The organism develops copious coarse aerial mycelium on 
the culture media mentioned above and both sporangia and chlamydospores 
are produced in abundance in cultures over 22 days old 

The sporangia (Pl VI, B C ) were sub-sphencal or hmoniform, papillate, 
terminal or intercalary and measured on an average 35 x 2S/i (the range 
bang 20-40 x 18-35 /*) The zoospores were reniform and laterally 

• Cootnbution Bom the Mycology Section, Agrieoltiiral Reeeanh Inetitute, Coimbnton. 
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biabate measuring 8 to 12^ by 6 to 8 /x while swimming (PI VI, la, b, c, d) 
and 8 to lO/x when encysted (Pi VI, J, a) After encystment they germi- 
nated by producmg one to three germ tubes (PI VI, J, b, c, d, e) 

The chlamydosporcs (PI VI, D, E F, G) were sphencal or sub-sphencal, 
termmal or intercalary and ranged from 20 to 35 /x in diameter (average 
28 5^) 

The measurements of sporangia and chlamydosporcs given above fall 
within the range given by other workers for Phyiophihoia palmivora, a 
species which occurs commonly in South India As the present isolate did 
not form oospores in pure culture even after three months, paired cultures 
were made with known plus and minus strains (Thomas et al , 1947) of 
P palmivora available in the stock culture collection at the Mycology 
Section, Coimbatore, in an attempt to induce oospore formation The 
results of these trials are shown in the table below 


IioUte with which the H e uUntui Pbytophthora was grown 
ID paired caltore 


I /'Ay/sPiUtM-a/a/sviuir* (Pine straii ) 1 olated from ate Oospores formed in 4 days 

iu S Kanara 

S do fPlua strain) isol ted fr m tomato do SB hrs * 

t oimbatore 

a do (rUs strai ) isol tted from Ceferi a do 8 days 

att/ifniTM S Kaoara 

4 do (Pins train' is Uted from C/er den Ir a do 3 days 

infartunatuti S kinara 

5 do (Pies strain) supplied by Dr I ppal do 3 diya 

Bombay 

S, do (Pins strain) isolated from Cyphaman do 30 hrs * 

dra keta ea Bnrliar 

7 do (Minus strain) supplied by Dr Uppai No oospores foimed 

Bombay 

S do (Mina> strain) isolated from Spaniia do 

manffera S Kanara 

• do (Minus strain) isolated from Cartea do 

papaya, Coimbatore 

* The rapidity with which oospores ore formed m these two insUnoes is due to the fhesh- 
oen of the isolates (r/ Thomss et al 1947) 

These results show that the H esculenius isolate is a minus stram of 
P palmivora 

The oogomum is sphencal or sub-sphencal with a fairly slender stalk 
encompassed by the persistent amphigynous anthendium (PI VI, K, L, M, 
N, O, P) While young, the oogonia had hyaline walls and granular con- 
tents which became brownish after fertilization and the differentiation of 
the oospore The oospores were usually sphencal, thick-walled and not 
quite filling the oogonium When npe, the walls of the oogonia and 
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oospores were golden brown to dark brown in colour Oogonia ranged 
from 20 to 40 /t (av 10 S/x) in diameter and oospores from 18 to 30/* 
(av 23 5 /a) Ihcsc las irc well within the range given by previous workers 
for oospores ind oogoina formed in paired cultures of P palmnora (A^hby, 
1929, Daviflson 1914 Gadd, 1924, Lcster-smith, 1927, Marudarajan, 
1941, Narasimhan, 1910, Thomas et al , 1947, Thompson 1924 and 
Venkalarayan 1912) 

Inoculations were carried out with this fungus on H esculentus seedlmgs 
using the terminal bud inoculation technique described by Wiant and Tucker 
(1940) for Pfiytopht flora capuci Lconian A severe die-back and rotting of 
the younger portions resulted, the infected plants being killed in 10 to IS 
days 

In addition, soil inoculations were also carried out The procedure 
adopted was as follows Good viable seeds of H esculentus were treated 
with an organo-mercury compound (usually Agrosan— GN) and then sown 
in sterilized soil in glazed pots Sterile distilled water was used in subsequent 
watering to obviate the possibility of water-borne contanunation When 
the seedhngs were about 10 to 12 cm tall, a hole was made in the soil m 
the centre of the pot, roughly 8 cm away from the seedlings, care bemg 
taken to see that the roots of the young plants were not injured and bits of 
agar culturis of the fungus introduced, the hole was then covered up and 
the pot kept covered by a stcnhzed bell-jar Suitable controls were also 
set up simultaneously Infection was observed in the inoculated pots 7 to 10 
days after inoculation with typical symptoms of collar-rot, wiltmg and 
tendency to fall over Infected plants were lulled m 13 to 17 days All 
controls remained healthy and unaffected The pathogen was successfully 
reisolated from diseased seedlings 

Young and old fruits of H esculentus were also inoculated with small 
bits of agar cultures after surface sterilization and kept covered with a sten- 
lized bell-jar The fruits took infection readily and rotted within five 
days In all cases the controls remained healthy and unafiected 

A survey of literature shows that so far only one member of the 
Pythiaceae— Pj'/hiiim deBaryanum Hesse— has been recorded on Hibiscus 
esculentus L IRamos, 1926) No species of Phytophthora has till now been 
reported to attack this plant though P parasitica Dastur and P palnuvora 
have been recorded on Hibiscus sabdariffa (Tucker, 1933, McRae, 1932; 
Thompson, 1933),// sabdariffa var altissima (JiKker, 1933, Hector, 1931; 
Rar and Saha, 1943), and H manihot (Tasugi and Ikeda, 1939) and 
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H cannabmos (Muller and Van Eck 1919) This appears to be the first 
record of P palmivora on Hibiscus escukntus 

The writer wishes to acknowledge his indebtedness to Mr K M 
Thomas BA M Sc D I C Government Mycologist and Mr T S 
Ram^krishnan M A Assistant Mycologist for their kind guidance and 
help The work was done with a ^'^mt given by the Indian Council of 
Agncultural Research for the study of Pyihiaceous fungi 

Summary 

Phytophthora palmivora Butler was isolated from blighted seedlings of 
Hibiscus esiulentus L Inoculation experiments proved its pathogenicity 
A study of its cultural and sexual behaviour howed that it was a minus 
strain not forming oospores in pure culture and forming them only when 
grown in paired cultures with complementary (plus) strains of the same 
species 
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Explanation of Plates 


PiAi* vr 


A 

B and C 
D to O 
H 


K to P 


Vegetative faypha 

Tercmaal and Inteicalary iponuigia 
Tennmal and mterealary cUunydoapom 


Liberal on of zooaporea 
Free iwimming zooqxnet 
Cncytled (a) and germmabnf (A-e) zoosporei 


Oogonia and oosporea of the HlhlaeuM esculaitiu 
Phytophthora with other laolatea of P pafmiwa 
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Photographs of d seased H eKuleiilys seedlings 
Fig 1 Diseased (A) and healthy (B) potted seedlings 

Pig 2 Seedlings showing different stages of infection (A) Stall of infbction note 
lesion at the collar region (B) and (Q more advanced about half the stem is rotted in (C), 
(D) plant completely rott^ and dead 
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STUDIES IN THE GENUS PHYTOPHTHORA 

I. Ootpore Formatioa and Taxonomy of Pbytopbthora palmivora Butler 

By K. M. Thomas, T.'S. Ramakrishnan. C K Soumini 
AND M. S Balakrishnan 

{Mycology Deparlmati, Agricultural RcMcarh Inttilue, Coimbatore) 

Reoeivod Januafy 20, 1947 

(Conununicated by Dr. B. Vnwanath, c i a , djc , f.r.i c.) 

The development of the sexual bodies m Phytophthora palmivora, Butl. has 
been investigated by a number of workers from time to time. Aided by 
these and other physiological reactions the status of this species has been 
revised every now and then and modified to take in more than one species 
created by later workers in its fold. The arguments put forward by the 
revisionists have been varied. 

Coleman (1907) was the first to report on oospore formation in cultures 
of P. omnivora var. areca Golem. [(later named P areca (Coleman) Pethy]. 
Rosenbaum (1917) obtained oospores of P areca in cultures received from 
Coleman. But other workers have not been able to obtain these sexual 
bodies in single stram cultures. Narasimhan (1930) has put forward the 
explanation that the cultures sent to Rosenbaum were probably not a single 
stram but a mixed one and that this might be responsible for the formation 
of oospores. The same explanation is applicable for the development of oos- 
pores in Coleman’s cultures also. McRae (1917) has described the production 
of oospores in single strain cultures of P. meadii McRae But this ability 
is shortlived and other workers to whom cultures of this fungus had been 
supplied found that oospores did not develop in the cultures The isolate 
now studied also does not produce oospores in single strain cultures. Ashby 
(1922) noted that in paired cultures of P. palmivora and P. faberi Maub. 
(coconut and cacao strams) oospores developed. Later (1929) he conti- 
nued the studies on the development of sexual bodies in payed cultures of 
Phytophthora and has recorded their formation in paired cultures of isolates 
from coconut and cotton; citrus and coconut; rubber and cacao; and 
cocopnt (India) and coconut (Jamaica). As a result of these studies and 
.ndth isolates from other sources he recognised that the isolates he had, 
nifuld be placed into two groups, the members of one group forming oospores 
when mixed with members of the other. Adopting Gadd's (1923) group 
nomenclature, he arranged the isolates into the yoaebo* and *nU»ber* 
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groups In the ‘ cacao ’ group were isolates from cacao, coconut (India), 
papaya, Vanda and Cattleya and in the ‘ rubber ’ group isolates from 
coconut (Jamuca and Philippines), Citrus, He^ea Dendrohmn and Odonlo- 
denia Lestcr-Smith (1927) grevK three isolates of P faheri Maubl in paired 
cultures and obiaincd oospores In combination vsith P parasitica Dast 
also P faheri formed oospores Paired cultures of P patavtica strains 
and P mcotiara Br dc Haan also produced oospotes Gadd (1925) made 
a comparative study of the strains of Phytophthora isolated from cacao, 
papaya, Hevea, Dendtohium Odonlodenta and breadfruit in Ceylon He 
found that these striins produced oospores in paired cultures, the isolates 
from cacao and papaya behaved as ‘ plus ’ strains and others as ‘ minus ’ 
strains His later studies (1927) have confirmed his earlier conclusions but 
he found that the isolates from areca in Ceylon did not form oospores with 
isolates of P faben strains Ihompson (1929) obtained eight isolates of 
Phyiophthora from He\ea hrasilitnsis which he classified into P palmivora, 
P meadii, and P hc\ice Thompson These formed oospoics in paired 
cultures with other strains (coconut and roselle) of P palmivora and 
P parasitica Narasimhan (1910) studied oospore formation m paired 
cultures of isolates from Areca, Santalum album L , Loranthus longiflorus 
Desv , Jatropha curcas L , Biyophyllum calycium Salisb , Artocarpus integrifolia 
L , Colocasta antiqiiorwn Schott and Ficus hispida L He found that m 
paired cultures the isolates from Loranthus and Areca developed oospores 
with the isolates from Santalum and Jatropha Lconian (1931) studied the 
behaviour of 85 cultures of Phyiophthora He found that 48 of them were 
heterothallic equally divided into males and females while the remainder 
were classified into inconstant forms exhibiting heterothallism, and neutral 
behaviour The cultures he tested included P palmivora, P faben P para- 
sitica, P terrestris Sherb , P manoana Sid and P nicotiarue Venkatarayan 
(1932) was able to obtain oospores in paired culture of two isolates of 
P areca and P palmivora Uppal and Desai (1939) obtained oospores m 
paired cultures of two isolates of P areca from Bombay Province Maruda- 
rajan (1941) investigated the formation of oospores in six isolates from Areca, 
Hevea, coconut, palmyra and Cacao and agreed with Gadd in the existence 
of two groups He continued his investigations with two isolates from 
Clerodendron infortunatum L and Spondias mangifera WiUd , each belon g ing 
to one of the above groups 

Materials and Methods 

The availability m the stock cultures of the Government Mycologist* 
Coimbatore, of a large number of isolates of this genus and of P palnuvora 
U It IS now understood was taken advantage of to study theit sexual behaviour 
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under controlled cultural conditions. The list of isolates used in these 
studies with the accepted identifications as far as they were known at the 
commencement of these studies is given in Table 1 

Table I 


List of the isolates of Pliytophlhora used in the study of paired cultures 


K 

Molt 

Part aflected 

Pathogen 

I ncallty 

Souice from which 
the isolate wai 






obtained 

1 

Apivf wightn. 

Leaf 

JVtyiophtJtota fara- 

Coimbatore 

T ocal lioladon 

s-e 

Or and Pr, 

Atec* tatfiiu L 

Kiuit 

atiia Dasi 

/' aieta (Colim ) 

Soutli kanara 

Irom Madras 
Province 


(Four Isol.itei] 
fOnu i^oUlc) 

do 

Pethy. 

do 

Myiore 

Mr M J Kara- 


do 

do 

/’ aitcii' (Striin 

North Kanara 

‘.Imh.in, Banga- 
lore 

Dr B N Uppol, 


do 

do 

Tyagli 

P. artiat (Strain 

Bombay 

do 

do 

7 

Artocarttu tiuisa L 

do 

NiKkani) 

F palmivora lluti 

South K.inara 

Local isolation 

8 

A miegrtfiUa I„ 

do 

P artiiie (CoUm ) 

do 

from Madras 
Province 
do 

9 

Boratttu flabchtlti L 

Bud 

Pethy 

/'. pHlmtvora lii tl 

Malaliar 

do 

10 

Citrus niinhs 

l.eaf and 

do 

do 


11 

Loa. (II 

Curm tmennt 

fruit 

BobC of Item 

/*. patmivora Bull. 

Kiitna 

Local laoUtlon 

12 

Uibeck (11) 

CleroAeni/roti mfertu 

Leaf 

P IP 

South Kanara 

flora 'Madras 

do 

is 

Cotos nuaftra L 

llud 

P puimno'a Hull. 

Malabar 

do 

14 

Colocaiio a nil (/HOI urn 

Leaf 

P. ep. 

South Kanara 

do 

IS 

Schott. 

J^tvea hrati/itnni 

Le.if and 

P. mtaan McRae 

CoLhin State 

do 

16 

M. Agg. 

Lycoperacnm tsonten 

fruit 

Fruit 

P aneat (Colem') 

Coimbatore 

do 

17 

turn Mill 

ATuotHma tabacum L. 

Stem 

Pethy. 

P. parautna ear. 

Salem 

do 

18 

Ptptr letlt L 

do 

iiHotianac 

P. palmivera Bull. 

ChlDglepnt 

do 

10 

(3 iHOlatM) 
Spondiax mangtftra 

Fruit 

do 

and 1 anjore 
South Kanara 

do 

SO 

Wind. 

Tkteiroma emeaa L. 

do 

P. fahtri Maubl 

Ce>loti 

Government My- 

91 

Jaiftpkn curcHs L, 

do 

P. ap. 

South Kanara 

cologist, Ceylon 
Local Isolation 



i 


from Madrae 
Province 


All ihQ isolates were puic strains and non-oospore forming at the time 
when the study was commenced. Some of them liave been reported to have 
produced oospores in single strain culture but at the time of the studies no 
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oospores could be detected in any of the cultures The isolates from agave, 
breadfruit and Hevia come under this class Paired cultures were grown 
in pctri dishes or agar slants In petn-dishes, quadrants were marked on 
the dishes by cutting out furrows 2-3 mm wide m the media through the 
centre of the dish at right angles The two strains used in paired cultures 
weie inoculated on adjacent quadrants so that oospore formation if any 
could be detected easily in the clear furrows where the two growths meet 
when examining the undersurface of the dish under the low power of the 
microscope. On agar slants m tubes the two strains were placed side by 
side on one edge of the slant half way down its length so that the penodic 
examination of the tube under the low power of the microscope was facili- 
tated Except when otherwise mentioned, the cultures were grown on oat agar 
media at laboratory temperature 

Results of Experiments 

Experiment /—At the outset the two isolates from Areca which were 
obtained from Dr Uppal were grown together, oospore development was 
observed on the fifth day in the furrows between adjacent quadrants In 
the course of ten days numerous oospores had developed in the zones of 
both the strains besides those formed in the furrow Dark lines or zones 
representing the areas of oospore formation described by Narasimhan 
(1930) were, however, absent 

Experiment II — The next step was to find out the sexual behaviour of 
the different isolates from Areca available at Coimbatore Each of the 
five isolates four from South Kanara and one from Mysore, was grown 
together with each of the two Bombay strains It was found that all these 
five isohtes formed oospores with the Tyagli strain but not with the Nilekani 
strain This explains why Marudarajan (1941) failed to get oospores in 
mixed cuUuies of the areca strains from this province Obviously all of them 
happened to belong to the same group and further studies revealed that these 
isolates coriesponded with the Nilekani stram from Bombay 

Experiment III —In a third series of experiments a large number of the 
isolates of Phytophthora available at Counbatore and onginally isolated 
from a vanety of hosts were grown in paired cultures with the two 
Bombay sirams of P areca with the following results (Table II) 

It IS clear from Table II that all the isolates used in this expenment 
fall into two distinct groups one forming oospores with the Tya^i stram 
and the other with the Nilekani strain 

F>periment IV — Paired cultures were then made of vanous permuta- 
tions and combinations of all isolates available at Coimbatore o^er than 
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Table II 

Results of paired culture studies made with two Bombay isolates of P. arecs 


Xiolata 

Raanit of pairing with 

Tyagli atrain 

Nllokani itrelo 

Aftava 

Mo ooaporev 

Uo^porei formed 

Breadfruit 

•lo 


Citmi II 

do 


CoLODUt 

do 

do 

Hevt! 

do 


JatropSm 

do 

do 

Palmyra 



Cocoa 

do 

do 

SpMuhmt 

do 1 

do 

jirtta 

Oovpoiea formed 

No ootpoiei 

Betel vine 

do 

do 

(3 Uolatea) 
Cltini I 

do 

do 

ClertJtmJram 

do 

do 

Jak 

do j 

do 

Tomato 

do 

do 


the two Bombay iiolates of P. areae supplied by Dr Uppal and observations 
on the formation of oospores were recorded 
The results are given below— 

Table III 


Results of paired culture studies among original collections of 
Phytophthora available at Coimbatore 
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Remarks — The isolate from breadfruit died soon after the commence- 
ment of this experiment, it could not be utilised for further study of paired 
cultures 

0 = No Oospores x — Oospores formed = Combinations not tried 
The behaviour of these isolates has been consistent and m conformity 
with the results obtained in previous experiments The isolates fall uito 
two sexually distmct types The members of one group invariably form 
oospores in paired cultures with members of the other group but not amongst 
themselves 

Morphology of the Sexual Organs 
The oogonia are spherical, thick walled, light yellow to yellowish brown 
in colour, persistent and always with one amphigynous anthendium at the 
base Sometimes double antheridia may be seen one above the other (1 ext- 
Fig 1) The antheridia and oogonia always developed on different hyphee 
No instance of the two organs developing on the same hypha was seen The 
oogonial wall exhibits variations In some combinations all the oogonia 
were smooth, but in others like Citrus I X Jatropha, Citrus I x Citrus II 
Citrus I X palmyra and Citrus I x coconut some of the oogonia had 
thicker wills which were not as clear cut as in others but possessed a rough 
outline due to uneven thickemng of the outer surface (Figs O, P, Q) This 
feature has been noted by Gadd (1924) in some of the paired cultures of 
isolates from Ceylon Tompkins and Tucker (1937) observed a thick brown 
crystalline encrustation on the wall of the oogonium produced in paired 
cultures of P capsici Leon Consequently the exact limits of the oospore 
and oogonia could not be determined while taking measurements With 
the addition of concentrated solution of potassium hydroxide the encrusta- 
tion disappeared and the walls of the oogonia and oospores became clear 
The thickening of the oogonial wall noticed in some of the cultures under 
study however did not react in a similar manner when potassium hydroxide 
solution was added 

The oospores are sphencal, thickwalled and light yellow to yellowish- 
brown or reddish-brown in colour They may either completely fill the 
oogonial cavity or there may be some space between the two walls In all 
paired cultures varying proportions of the two kinds can be observed 

In some of the cultures (e g , Citrus I x Jatropha) some of the later 
formed oogonia and oospores were peculiar The oogonium was elongated, 
irregularly swollen and sometunes developing one or more branches (Text- 
Figs 2-5, 7) Usually only one oospore was found m such oogonia but 
this occupied only a portion of the oogonium while the rest of the cavity 
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was either empty or filled with vacuolate hyaline or yellowish protoplasmic 
contents Oospores also exhibited lobulation m some cases Some of 
the oogonia were \ery much elongated and branched and usually these did 
not contain oospores They resembled empty swollen elongated and 
branched hyphs with scanty or dismtegrated contents The presence of 
the amphigynous empty anthendium at the base distinguished these struc 
tures from vegetative hyphs and showed them as malformed oogonia 
Leonian (1931) has observed similar structures in a culture of P palmtvora 
But he describes them as germinating oospores and the round bodies mside 
some of them as secondary oospores But the writers do not agree with 
this These structures represent abnormal proliferating oogonia The 
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germination of the oospore can be easily distinguished by the presence of 
the germ tube which bursts through the wall of the oospore and later through 
the wall of the oogonium and grows out (Text-Fig 6) But in most of the 
cases this was not evident and the oogonium alone had elongated and deve- 
loped branches When the oospore germinates the oogonium does not 
elongate The sketches given by Leonian (1931) also do not bear out his 
statement They can be regarded only as abnormal oogonia Those 
oogonia which have not been fertilised probably resume vegetative activity 
and develop into branched structures of limited growth 

In tubes and petn-dishes the sexual bodies develop on the medium or 
are submerged , they are also formed on the sides of the glass in tubes and 
m the clear space between the quadrants in petn-dishes The first formed 
oospores are usually at the junction of the growths from the two isolates 
Table IV 


Measurements of oogonia and oospores as recorded by various workers 


Anthor 


Oogonia 

Ooipores 


Range M 

Meanp 

Range m 

Meanit 


e arttat 



23 <-U 

88-4 


do 



88-Sa 



Cbcbo 4' Coconut S 

st-ss 

28 a 

17 8-87 8 

S 3 1 


CacBO-f Cotton boU 

do 

88 0 

17-8-88 a 

88 1 


Cbcbo+Z’ fitrattiica (cnstor) •• 

80-33 

38-8 

20 0-80-8 

88-0 


Coconut (Jamaica) +Coconut 



80-38 

81 8 


(India) 






///Via + C acno (Hevea Zone) .. 



28-38 

n-a 


(Cacao Zone) •• 



80-80 

80-0 


/> meaeu + f aricai 

84-84 

28 0 

80-88 

U -0 


P wuaJti (Malaya) antae 

84-30 

88 

88-88 

20 8 

McRie 

P mtada 

84-30 

38 

10-88-8 

80-0 

GhM 

C acao + oamrc 



10-80 

88 1 





81-88 

28-8 


Cacao+rubber 



80-88 

88 7 


Cacao + Breadfruit 



88-87 

84-0 


Fa paw fruit 



17-88 

88-4 

NuBiimhan • 

AracB+ SantaUm 



80-81 



Aieca.+yatiefiAa 



88-r 



Sanialum + LaramtMmt 



80-81 



Ltramkut+JatrtpMa 



80-80 


VenktUriyBD • 

<4/(Mri//r+areca (frnlt) 


87-8 


88-04 


do + do (top rot) 


10 -B 


88-8 


Areca (top TOt)+Saiefa/inie 


88*8 


80-0 


Areca (frdt ) + do 


88-e 


88-1 

MBntdumjon •• 

P arteat+P auada 

88-U 

80-7 

84.0-38-0 

81-0 


do + Palmyra 

88-40 

as-a 

do 

88-0 


do + Coconut 

88-48 

aa 0 

do 

80-8 


do +Cltnia 

84-0-83 -S 

88*4 

88 8-81-0 

87-8 


do -t-Cacao 

I 8>8-33 *S 

88-0 

17.0-88-8 

84-0 
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Later they may be observed m other portions also In some combinations 
oospores arc formed in plenty while m others they are few This difference 
m the mtensity of formation of sexual bodies may be due to the fact that the 
isolates were originally brought into culture at different penods and conse 
quently varied in the number of generations they had passed through m 
subcultures on agar media 

The size of the oogonium and the oospore exhibited wide variations 
The measurements of the oogonia and oospores obtamed by previous workers 
are given in Table IV 

These measurements were compared with those of the sexunl bodies 
produced m the paired cultures under study One hundred measurements 
were made in each case The sexual bodies weie taken from piircd cultures 
withm ten to fifteen days after inoculation (Table V) 

Table V 

Measurement s of sexual bodies obtained from different combinations 


ales grown in pn r« i c itaris 


Art* (Nllakmni •!- Palmy 
A tea N l«kani) + /«rr«p4o 
Aft a (Nilekani)+5p« d u 
fak + Pa myra 
Jak+/d/r«p/<i 
do+Ci/rux II 
Aa + Htvta 
Ao-¥Agm e 
Aa-^SpHtJtat 
Ao+Artt* (Tyagall) 

Citrui I +Sfaidtat 
do +C$lrtu II 
do + Palmyra 
do +/j/r««/U 
ClrradrmArrm + Htvta 
CltroJntdran fiend as 
Balel vn« 1+Sfitnda 
Batal vine ll+Sfir d ts 
Betel V aa+Artea (Tyagall) 

Cltrni I+Tyagall 
Citstdtndrcm+Artea (Tyagall) 

Artta (Kaaata.)+Spmdiat 
Cebtana Sfimdtat 
Tomato I- Tobacco 
Tomaio +yatrefiAa 
Tomato -i-Cirrii/ II 
Tomato+Coconat 

Ikaadfralt (aloae) (mspected to be mued) 
Tomato 


1 r> ameter 

gon a 1 

Oo poret 

Range n fi 

Mean 

Range tn p 

Mean, 

23-41 

30 0 

18 6-30 0 

24 4 

21 7-40 3 

28 e 

14 »-il 0 

21 8 

14 0-8S 8 

■»3 9 

10 6 28 0 

17 8 

20 2 27 0 

2S 1 

18 8-21 7 

19 8 

21 7 14 1 

27 1 

18 8 28 j 

20 9 

21 7 34 1 

20 8 

14 0-*7 9 

2J 0 

20 2-34 1 

27 2 

18 8 27 9 

21 8 

21 7 11 0 

SO 8 

18 8-24 8 

19 9 

23 1 34 0 

is 4 

18 8 27 9 

22 8 

24 S 34 4 

29 8 

20 2 n 9 

13 3 

21 7 14 1 

27 1 

18 8 27 9 

31 a 

34 8 37 2 

30 8 

18 8-31 0 

24 7 

21 7-34 1 

28 1 

17 1 28 4 

21 a 

•>4 8-37 2 

29 1 

18 8 31 0 

23 0 

21 7 32 e 

27 8 

17 1 24 8 

21 1 

23 3 34 1 

29 4 

18 8-31 0 

24 0 

21 7 32 0 

27 8 

18 8 27 9 

21 7 

24 8 37 2 

30 U 

18 8-31 0 

23 8 

24 8-38 5 

28 4 

18 8 31 0 

21 0 

21 7 30 0 

27 8 

18 0-24 8 

21 0 

24 8-IS 7 

30 8 

17 1-17 9 

23 4 

21 7-34 1 

28 4 

18 8-27 9 

22 4 

21 7-24 1 

27 8 

18 8-24 8 

21 9 

20 2-27 0 

24 1 

18 8 21 7 

18 0 

21 7 81 0 

28 1 

18 0 27 9 

21 0 

21 7 84 1 

29 1 

18 8-27 9 

24 8 

23 3-34 1 

27 7 

20 2 29 8 

23 4 

20 0-38 0 

28 0 

18 8-14 8 

20 8 

24 8-24 1 

28 1 

20 2-20 8 

24 1 
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The mean diameter of the oospores vanes from 17 5 to 24 and lies 
within the range obtained by other workers The wide variation in size of 
the sexual bodies observed in these studies and by other workers goes to 
show that this character is highly vanablc and plastic and that no reliance 
can be placed on this for taxonomic purposes However the ability to form 
the oospores in paired culture brings out the specific relationship of the com- 
plementary isolates 

Some Physiological Studies 

The influence of medium on oospore formation — It has been stated by 
previous workers that certam media favoured the formation of oospores in 
mixed cultures while others did not This factor differs with isolates Thus 
Tucker (1931) found that certam isolates of P parasitica produced large 
numbers of oospores m lima bean and oat-meal agars and few or none on 
commeal agar, while still others developed more oospores on commeal agar 
and a smaller number on oat-meal agar The mvestigations on paired 
cultures recorded here were carried out on oat agar which was found to be 
quite satisfactory Leonian (1931) also found that oat agar was the most 
suitable Two complementary strains, viz , Citrus I and Citrus II were 
grown on oat, frenchbean and maize agars The reaction of the media was 
adjusted to pH S 6 in each case The growth of the fungi was very luxuriant 
on oat and frenchbean agars and less profuse on maize agar Oospores 
were formed m all cases but were more numerous in french-bean and oat 
agars than in maize agar Tucker’s observations only show the possibihty 
that different races have preference to particular media for growth and 
reproduction 

Liquid oat-extract was prepared by boihng SOgm of powdered oat 
grams m a htre of water for one hour and then filtered through cottonwool 
After filtermg, the extract was autoclaved for 20 mmutes at IS lbs pressure 
In this medium two strams were grown for IS days after which the medium 
was filtered through Chamberland filters under aseptic conditions Five 
and ten cubic centimetres of the filtrates were mixed with 10 cc of melted 
oat agar medium which was then poured into plates After the agar had 
set, the plates were moculated with the complementary stram Even after 
30 days' growth oospores were not formed This mdicates that a stram does 
not secrete any extra-cellular substance mto the medium to stimulate oospore 
formation m its complementary stram Further work on these lines is m 
progress 

Temperature and oospore formation —Ashby (1929) has recorded that if 
paired cultures are maintain ed at 23” C (or 20'’-2S” C ) prompt development 
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of ooapoies takes place Other workers also have experienced that exposure 
to lower temperatures or maintenance of cultures m ice-chests is conduave 
to oospore formation Marudarajan (1941) observed oospore formation to 
be good at 20“ C In the course of the present investigation it was observed 
that oospores did not develop in the paired cultures started in the months 
of March, April and May when the laboratory temperatures varied between 
28“ C and 31“ C But in July and August and from October to January 
the paired cultures readily produced oospores when the laboratory tempe- 
rature was below 26“ C Paired cultures kept inside a controlled tempera- 
ture cabinet in which the temperature varied from 8° 10" C failed to develop 
oospores Very low temperatures evidently do not favour the development 
of oospores m this tropical species 

Age of isolates and oospore formation — In fungi, it is common experi- 
ence that the intensity of sporulation gradually dunimshes as the isolate 
IS kept on for a large number of generations on agar media and may even 
disappear eventually This behaviour is often seen in Phytophthora espe- 
cially with regard to oospore formation Paired cultures of fresh isolates 
of complementary strains produce oospores quite readily and in large num- 
bers in 3-8 days depending on the distance separating the inocula of the 
two strains But after several generations of sub cultures the capacity to 
form oospores decreases m some strains until it is finally lost For instance 
the Nilekani strain on Areca obtained from Bombay used to form large 
numbers of oospores with its complementary strains as mentioned earlier 
But at the time of writing, t e , two years after its arrival, it does not form 
oospores with the isolates with which it was forming oospores before It 
has become neutral 

The isolate from Spondias is another good example of the waning of 
the capacity to form oospores with ageing A fresh isolate formed oospores 
with all the complementary isolates in four days Another which had been 
isolated two years ago produced sexual bodies in combination with the same 
complementary strain But the development was incomplete Anthendia 
and oogonia were formed but mature oospores did not develop The 
oogoma had grown through the anthendia and assumed the normal size 
and shape after emergence but later the contents disintegrated Six months 
later, even this phenomenon did not occur in the combmations Thus there 
has been a gradual declme of the sexual capacity of the isolate This pheno- 
menon 18 attnbutable either to the senescence of the isolate through successive 
subculturmg on media for a long period or to formation of mdistmguishable 
dissociants whidi were neutral or had lost their sexuality These dissoaants 
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have possibly been carried over in the transfers and thus the change might 
have occurred Further experiments are necessary to decide the correct- 
ness of this view 

Discussion 

The study of the formation of oospores in Phytophthora has been an 
interesting subject for investigation and several workers have been on this 
problem though the last word has not yet been written Oospore forma- 
tion IS influenced by various factors such as the temperature at which the 
organism is grown, the medium on which it is grown the age of the isolates 
and lastly the inna'e character of the isolate itself There are some species 
in which the sexual bodies have not been recorded yet The development 
of the sexual bodies in the Phytophthora pahmvora group has been investigated 
by different authors and divergent views have been expressed about the 
causes leading to this phenomenon One school represented by Ashby 
(1928 29) and Lester Smith (1927) is of the opinion that the oospore forma- 
tion IS brought about by some sort of biochemical stimulation of one strain 
by the other Lester-Smith states that the production of oospores “ in mixed 
cultures is due to the influence of one vegetation on the other actmg through 
Its effect on the medium or on certain constituents of the medium ” Gadd 
(1924), Thompson (1929), Narasimhan (1930) Leonian (1931) Venkatarayan 
(1932) and Uppal and Oesai (1939) on the other hand ^lieve m the hetero- 
thallic nature of the isolates of this species. Some prefer to call the isolates 
* Plus ’ and * Minus ’ strains while Narasimhan and Leonian who have traced 
the origin of the hyph<e producing the anthendia and oogoma, call the isolates 
male and female Tucker (1931) is not convinced of the heterothallic nature 
of the isolates 

The present mvestieations carried out with 25 isolates of Phytophthora, 
the bulk of which were obtained from this province and a few from outside the 
province, have shown that all of them fall into two distinct groups based on 
their capacity to produce oospores in paired cultures The isolates of one 
group form oospores when mixed with isolates from the other Different 
combinations of the members of the two groups have been made and the 
results have been consistent throughout In the light of present knowledge 
this behaviour can only be attnbuted to heterotbalhsm within the same 
species 

It has moreover been found that m all cases the oogoma and anthendia 
are borne on different hyphee and never on the same hypha This agam is 
an mdirect evidence of heterothallism Narasimhan (1930) and Lemuan 
(1931) have claimed to have traced the anthendia and oogoma to different 
thalli, which is a direct proeff of heterotbalhsm of the isolates stndied 
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It has also been found that some isolates have gradually lost their 
sexuality in course of tune when grown on media The deterioration of 
the capacity for oospore formation seems to be attributable to gradual loss 
of the sexual ^vigour of the strains through contmued growth on agar 
media 

The behaviour of some of the isolates which formed oospores m single 
strain cultures originally but later failed to produce them is intriguing 
This can be explamed away in two ways It is possible that the original 
culture was itself a mixed one as might be expected when the fungus is iso- 
lated by tissue cultures and the original host had been infected by both the 
strams An observation made by the writers in 1946 favours this view 
In 1946 a fresh isolate was obtained from breadfruit by tissue culture In 
the first generation abundant oospores were formed From this culture 
single hyphal tips were transferred to agar slants Oospores failed to form in 
these secondary cultures indicating that the onginal isolate was mixed But 
McRae (1917) recorded oospores in single sporangial isolates of P meadii 
It has been noticed by several investigators that the cultures supplied to 
them from Coimbatore did not develop oospores Even in India the same 
phenomenon was experienced McRae had observed oospores on Hevea 
fruits also This could be explained on the assumption that the stram was 
originally homothalbc but during the growth of the cultures on agar media 
for a number of generations dissociation took place and the loss of one sexual 
factor resulted therefrom It is, however, interesting to note that the iso- 
lates from Agave, He\ea and breadfruit, which were origuially reported to 
be forming oospores in single strain cultures and have now become non- 
oospore-forming, fall into the same sexual thallus group which produces 
oospores m paired cultures with individuals of the same complementary 
group No isolate belonging to the opposite group isolated in this province 
has ever been known to foim oospores in single strain cultures Leonian 
(1931) obtained seven dissociants from a culture of P parasitna Of these 
SIX behaved as females and one as a male He has also obtained other 
dissociants which could be termed neutral since they failed to form oospores 
with either of the male or female isolates Even in the heterothallic strains 
under study the sex vigour has been lost owing to long culturing on agar 
media or formation of neutral dissociants Thus members of the P patmi- 
vora group behave as homothallic, heterothallic or neutral strains though 
with contmued growth on agar media many of the strains may become 
neutral This change is observable m both groups of complementary strams 
Therefore, for the correct identification of the isolates fresh cultures are 
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These investigations have been helpful in deciding the taxonomic rela- 
tionships of the isolates The isolates studied have been variously classified 
at present Tucker (1933) and Leonian (1934) have suggested certain revi- 
sions of the classification of Phytophthora species Tucker has merged 
together P palmnora, P areta, P faben and P meadii mto one species 
under P palmivora Leonian believes that P mexicana Hots and Hart , 
P parasitica, P parasitica var rhei God , P parasitica var mcotiana 
Tucker, P terrestris Sherb P melongena Saw and P symmetrica Sid also 
should be brought under P palmivora The isolates under investigation 
are usually classified as follows P palmivora on coconut, palmyra, citrus 
and betel vine , P areca on arecanut and tomato , P faben on cocoa , 
P meadii on Hevea, P parasitica var mcotiana on tobacco, P sp (not 
determined) on Clerodendron, breadfruit, Spondias, Jatropha, Jak and Colo- 
casia and P parasitica on Agave 

The basis for specific differentiation has been morphological features 
of the hyphs, sporangia, chlamydosporcs and oospores, when formed 
Pathogenicity has also been utilized for separating species Studies on this 
genus have shown (Tucker, 1931 and Leonian, 1934) that the morphological 
characters of the mycelium sporangia and chlamydosporcs are so plastic 
as to be of little use in specific differentiation Leonian (1934) says that 
“ pathogeniaty is of still less value, the shape and size of the chlamydo- 
spores altogether useless and that of the sporangia not much better in the 
taxonomy of species of Phytophthora” 

The work now recorded has shown that all the isolates under study 
produce oospores when grown mixed with complementary isolates All 
the oospores formed in the vanous combinations are of the same type and 
the measurements fall within the range recorded for oospores produced from 
complementary strains occurring on the same host, e g Areca (Tyagali) 
X Areca (Nilekani) 14 0-31 Op This feature coupled with the readmess 
with which oospores are formed in the paired cultures of these isolates brmgs 
out the close specific relationship of these isolates There can be no question 
of regarding these oospores as of hybrid ongin between different species 
because no constant differences can be made out between these either in 
the size of the oospores, the nature of the anthendia or any other important 
character All these isolates therefore, fall under one speaes, viz , P palmi- 
vora Butler 

This species has a wide host range Not less than sixteen species of 
host plants have so far been recorded from S India It is heterothallic but 
the present state of our knowledge suggests the possibility of some isolations 
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being homothalbc Two distinct sexual strains — the plus and the minus — 
are seen and the collections in our possession are classified under the two 
heads as follows 


Plus 

Minus 

Areca (Ntlekani) 

Areca (Tyagali) 

Betel vme 

Palmyra 

Citrus 1 

Coconut 

Clerodendron 

Cacao 

Colocasia 

Rubber 

Jak 

Breadfruit 

Tomato 

Spondias 

Agave 

Tobacco 

Citrus II 
Jatropha 


The grouping of the isolates into the “ Cacao ” and “ Rubber ” groups 
adopted by Gadd and followed by Ashby is rather confusing The same 
host has been found to be affected by both the strains tor example the 
“ Cacao ” isolate from Ceylon really behaves like an isolate belonging to 
the “ Rubber ” group Ashby has also found that dilfcrent isolates from 
cacao and coconut may fall into different groups Therefore, the naimng 
of the groups accordmg to the host is misleading 

Uppal and Desai (1939) have obtained two complementary isolates 
Tyagali and Nilekam— form the same host viz Areca Tyagah behaves hke 
the isolates from palmyra and coconut in Madras, Butler (1910) has 
recorded that P palmivora affects arccanuts causing bud-rot It is possible 
that the Tyagah strain represents the coconut strain (minus) which has become 
parasitic on Areca m t^t locality Coconut is also infected by both the 
strams Citrus m India is also parasitised by both When such mixed 
or combmed infections occur in nature on the same host plants, there is 
every possibihty of oospores developing as has been recorded in breadfniit 
and Hevea rubber This represents one of the methods of ‘ over-summer- 
ing ’ of the fungus under tropical conditions obtaining m South India 
Whether sexual reproduction gives rise to new races is a matter for further 
mvestigation 

The plant pathologist has to consider the significance of these results 
These facts bring out the necessity for vigilance on his part concerning the 
occurrence of Phytophthora pabmvora on a variety of hosts some econo- 
mically important and others of no importance Inasmuch as this speraes 
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has a wide host range, the passage from one host to another u easy under 
favourable conditions Further, the part played by the non-crop-hosts in 
the survival of the pathogen, the formation of sexual bodies when the same 
host becomes infected by the two sexual strains and the possible production 
of new strains as a result of sexual reproduction cannot be overruled The 
parasitism of P palmivora being by no means speaalised, every record of 
this species on any host has to be considered as a source of potential danger 
to the crop plants known to serve as hosts of this species in the locality 
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Summary 


The formation of oospores m paired cultures of twenty-five isolates of 
Phytophthora was studied These isolates fall into two mam groups— the 
“ plus *’ and the *' minus " and the members of one group form oospores 
when paired with members of the other group Some of the isolates were 
found to lose their sexual capacity with continued cultivation on agar media 
Fresh isolates form oospores quickly with complementary stroms 

All these isolates belong to P palmivora, Butl The other species of 
Phytophthora, viz, P areca, P meadii, P faheri and P parasitica var 
mcotiana — are to be merged in P palmivora as they are found to be morpho- 
logically similar and do not exhibit any constant and reliable differences from 
P palmivora and readily form oospores when paired with it. This species 
is heterothaUic , but homothallism has been reported to have been noticed 
in some isolates 
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Explanations of Platfs 


All iiburea were drawn with the aid of an Abbe camcia lucida at a uniroim magnification 
of X 680. 

Plates VllI and IX . Sexual bodies produced m paired cultures or ‘plus' and ‘minus' strains 
of Phylophihara palmlvora Butler 


Platt VIII 
A. Jak X Jatropha 
B Jak X Palmyra 
C. Jak X Hevea 
O. Jak X Citrui. II 
C. Jak X Agave 
F Jak X Spondias 

G. Tomato x Cttrui II 

H. Tomato x Jatropha 
I. Tomato x C 0 C 04 

J Tomato x Hevea 
K. Tomato x Tobacco 
L. Tomato X Agave 


PLAIk IX 

M. Tomato x Coconut 
N Citrus I > Spondias 

O Citrus I X Jatropha 

P Citrus I X Palmyra 

Q. Citrus I X Citrus n 

R. Bread fiuit (alone) 

S. Clerodendron X Hevea 

T. ClerodenJron X Spondias 
(J. Be el vine 1 x Spondias 

V. Betel vme II x Spondias 

W. Colocasia X Spondias 

X. Areca X Spondias 



EMBRYOGENY OF ISOTOMA LONGIFLORA PRESL. 
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(Communicated by Prof L Narayan Rao f a sc ) 

In a previous papwf of ours (Kausik and Subramanyam 194Sa) a detailed 
account of the development of the male and female gametophytes and endo- 
sperm formation in Isoloma lon^iflora Presl has been given The present 
paper deals with the de\elopment of the embryo in this plant Dunng this 
study a single case of polyembryony was met with and this has been sepa- 
rately described (Kausik and Subramanyam, 1946) 

Fixation of the material was done in Formabn Acetic Alcohol and the 
sections were stained in Heidenhain’s iron-alum-btematoxylin with eosine 
as counterstain 

The fertilised egg elongates rapidly and becomes tubular with the nucleus 
situated at the apex (Fig 1) The first division of the fertilised egg takes 
place after the endosperm has passed through its initial development It 
divides in a transverse manner cutting off a primary embryonal cell (Fig 2 a) 
and a primary suspensor cell (Fig 2 b) Of these it is the primary suspensor 
cell (Fig 2 b) that divides first by a transverse wall to form a middle cell t 
and a basal cell d (Fig 4) Thus a three-cellcd proembryo is formed In 
this respect Isotoma longiflora resembles Campanula patula L (Soueges, 1936), 
Lobelia amana (Hewitt, 1939), and L trialata Buch-Ham (Kausik and 
Subramanyam, 1945 6) In L syphilitica L (Crete, 1938) and Cepfialo- 
sligma Schimperi Hochst (Kausik and Subramanyam, m Press), however, 
it IS the primary embryonal cell that divides first In the three-celled pro- 
embiyo the middle and basal cells (Figs 3, 4 and 5) usually divide by further 
transverse walls, thus adding to the length of the suspensor (Figs 6 to 14) 
The primary embryonal cell a now divides first by a transverse wall 
(Fig S) cutting off an apical cell <P, which does not divide further until longi- 
tudinal divisions begin, and a second embryonal cell a* The second cell of 
the proembiyo a* divides by a transverse wall to form cells a* and a* (Figs 
7 to 9) At about this stage one of the suspensor cells, usually in the upper 
region of the filamentous proembryo, divides by a vertical wall (Figs 9 and 
10) to form two cells, which are characteristically seen in the early stages of 
embryogeny (Figs 1 1 to 14) A sunilar feature is seen in Jasione montana 
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Lum (Sou6ge8, 1938), Lobelia amana (Hewitt. 1939) and L trudata (Kausik 
and Subramanyam, 1945 6) In LoAelia syphilitica (Crete. 1938) and 
Cephalostigma Schm/uri (Kausik and Subramanyam, m Press) a group of 
four cells is formed by the activity of one of the suspensor cells In Campanula 
patula (Sou^s, 1936) more than four cells are formed m this region 

The cells cd and a* of the filamentous proembryo divide by two sets of 
longitudinal walls (Figs 10 to 13) at right angles to each other, thus resulting 
in two tiers of cells with four cells in each tier Almost sunultaneously with 
these divisions cell n* divides by a transverse wall produang cells cf and a* 
(Figs 10 and 11) Cell o' then divides by two vertical walls so that three 
tiers of cells arc now formed in the termmal region of the proembryo (Fig 
14) with four cells in each tier Cell n* also divides by a transverse wall 
adding two more cells a* and a* to the terminal region (Figs 12 to 14) Thus 
in this region five tiers of cells can be made out m , a\ a\ n*, a* and a*, the 
three upper tiers havmg four cells each and the lower two having only a 
single cell each Of these five tiers it is only the first four tiers that actudly 
take part in the formation of the vanous regions of the embryo 

In the distal tier a\ anticlinal divisions occur followed by penclinal 
divisiona to form the dermatogen m this region (Fig 15) The first antichnal 
divisions m this tier can be traced m the various stages upto the formation 
of the mature embryo (Fig 23) The next division m tier a* is tangential 
oitting off a dermatogen peripherally from a group of inner cells (Fig 15) 
The inner cells divide longitudinally separating the future penblem from tlK 
plerome Both longitudinal (Fig 18) and transverse divisions (Fig 17) 
occur in the further development of the plerome and penblem (Figs 18 to 23) 

When the primary body regions are differentiated m the first two tiers, 
the third tier o' develops into a semicircular layer of cells at the base of the 
embryo To start with, this layer is made up of four cells (Figs 15 to 17), 
but subsequently forms about 8 cells (Figs 22 and 23) by further oblique 
divisions (Figs 18 to 21) The innermost two cells of this group take part 
in the completion of the penblem (Fig 23) The reimumng cells of this 
layer help to complete the dermatogen and the root cap The smgle cell 
of tier a^ does not divide any further until the embryo is rather well defvelpped 
and sphencal in shape Then it divides by a transverse wall (Fig 16) forming 
a proximal and a distal cell (Figs 17 to 20) Both these c^ divide trans- 
versely (Figs 21 to 23) formmg a part of the root-cap whiob is also mcreaaed 
on aU sides from tier a* and also by extra cells cut off from the dermatogen 
m tier e* According to Hewitt (1939) however, m Lobelia amoetia the cells 
of the proximal row, cut off from this tier, do not divide again, but the cells 
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of the distal row divide transversely separating the penbletn from the derma- 
togen He further states that the cells of the proximal row become a part 
of the root cap In a mature embryo (Fig 23) the body regions can easily be 
assigned to the primary tiers viz a* a® and o' w^ch are clearly recog- 
nizable in the early stages of cmbryogeny Thus from tier a* arise the 
cotyledons the stem tip forming in the notch between them, from tier a* 
the hypocotyl is formed with its central row of long and narrow plerome 
cells, the outer zone of much larger penblem cells (the region shown dotted 
m Fig 23) and the outermost layer of dermitogen from tier a* the com- 
pletion of the penblem and the organisation of a part of the root cap take 
place, and lastly from tier a’ the rest of the root cap is formed 
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(Communicated by Prof SOM Rnmanmam, f a sc ) 

Introduction 

The occurrence of Periclimenes (Ancylocaris) brevicai palis in association with 
Stoichactis giganteum (Forskal ) at Krusadai Island has been recorded by 
Gravely (1927) in his study on the httoral Decapod fauna of the Island 
Kemp (1922) has collected the species from the giant sea-anemone Dtscosoma 
at Port Blair The genus Periclimenes comprises of a large number of species 
about the larval history of which very httle is known Gurney (1936 and 1938) 
has described the larval stages of the followmg species of Periclimenes (sub- 
genus Ancylocaris), eg — calmani, americanus, agag, diversipes and grandis 
As the larval history of Periclimenes {Ancylocaris) brencarpalis is not known 
It was thought useful to describe the newly hatched larva 

Durmg a brief stay at the Krusadai Biological Station in the Gulf of 
Manaar, in March 1947, the author collected numerous specimens of 
Periclimenes brevicarpalis mcludmg a good number of bemed forms from 
Kundugal Point where Stoichactis giganteum occurs in abundance Gene- 
rally each anemone shelters a male and a female under the exposed flattened 
tentacle-beanng region, and even when the anemone contracts they very 
seldom make an attempt to swim away Though the prawns are trans- 
parent, as observed by Gravely (1927) certain regions of the body are coloured 
very prommently as descnbed by Kemp (1922) 

Froifi a very close observation of a large number of forms, the present 
author while confinmng Gravely’s observation is also led to the conclusion 
that this prominent colouration resembhng that of broken shells helps the 
prawns to escape observation when the anemone contracts and withdraws 
mto its burrow leaving the prawns exposed 

Description of the Newly Hatched Larva 
The eggs of some of the bemed females on microscopic examination 
seemed to be m an advanced stage of development, and were therefore 
kept under observation m the laboratory aquana Aeration of the eggs 
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appears to be effected by the side to side rocking movement of the entire 
animal aided by the gentle movement of the pleopods The eggs measuring 
0 41 mm to 0 31 mm in diameter hatched out in the evening The newly 
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hatched larvz, 1 65-1 -7 mm. in length (Fig. 1), arc very active in their 
movement and phototactic in behaviour. 

Coloration . — The larva is perfectly transparent. Two orange coloured 
chromatophores are present on the sides of the anterior region of the carapace. 
On either side of the first abdominal somite is present a shining yellow 
chromatophore. Chromatophores of the same colour and disposition an- 
present on the second and third abdominal somites, the latter carrying a 
median dorsal chromatophore in addition. Similar chromatophores are 
present on the endopods of the second and third maxillipedes. 

The eyes.— Tht eyes are sessile. 

Antermule (Fig. 2).— The peduncle is unsegmented. The inner flagellum 
18 in the form of a single large seta. The outer flagellum is represented by 
a small papilla bearing at its tip three aesthetes and a short plumose seta. 



172 


S Gopalan Nayar 



Fku 7 8 


On the peduncle, at the base of the inner flagellum, is a shining golden yellow 
stellate chromatophore 

Antenna (Fig 3) — ^The peduncle is unarmed The inner flagellum is 
cyhndrical unsegmented and carries a spine and a long plumose seta The 
inner flagellum inclusive of the spine is about two thu-ds the length of the 
scale The scale is divided into three distinct segments and carries a small 
papilla and nine plumose sets along its inner margin There are two spines 
on the outer margin of which the proximal one is longer 

Mandible (Fig 4) — The mandible is clearly marked off mto the incisor 
and molar regions The incisor part carnes three blunt teeth and the molar 
part has five pointed spmes In between the incisor and the molar regions 
IS a blade which is serrated at the tip 

Maxillule (Fig 5) — Endopod of maxiUuIe is bilobed and carnes a small 
seta The proximal masticatory process is narrow and has four sets The 
distal process is provided with two plumose sets and three pointed spmes 

Maxilla (Fig 6) —There are three masticatory processes on the proto* 
podite The proximal process carnes two sets, the middle and the distal 
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processes bear one and two setts respectively The endopodite is not bilobed 
and 18 tipped with a single seta The scale carries four plumose setse 

Maxdlipede 1 (Fig 7) — Basipodite is not protuberent and carries two 
spmes Endopodite is bisegraent^ and cames three terminal spines The 
exopodite is unsegmented and cames four setie 

MaxUlipede 2 (Fig 8) — Coxopodite is unarmed Basipodite has two 
spmes The endopod is distinctly three segmented The basal segment 
on Its inner side cames two spmes Another spine is placed at the base 
of the third segment The third segment cames two long temunal sets 
and one small spme on its outer margm Exopodite is unsegmented and is 
similar to that of the previous appendage 
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Maxtlhpede 3 (Fig 9) — Basipodite cames two spines The endo- 
podite IS of three distinct segments of which the first and second bear on 
their inner margin one spine each At the base of the second segment on 
Its inner margin is another spme Dactyl ends m a single strong temunal 
spme and cames two small spines, one on its outer side and another on its 
inner side At the base of the temunal segment on its mner side is a small 
spme 

Telson (Fig 10) — The telson is slightly concave on the ventral side 
The usual seven pairs of spmes are present The fourth spme is slightly 
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longer than the sixth. The innermcMt is the smallest and is enclosed in a 
sheath in the embryonic condition. 

Remarks 

Gurney (1938) has summarised the larval characters of the genus Peri- 
cUmenes (Ancybcaria), based on the larval stages of grandis, agag, calmani, 
diversipes and americanus Gurney (1938) has also emphasised the fact that 
the larval characters mentioned are applicable in general to the larvs of 
the genus Periclimenes exception being made to Periclimenes (Ancyhcaris) 
£yersipes. The larva of Periclimenes (Ancylocarts) brevicarpalis shows 
some interesting features in comparison to the other species. 


Nuna of 

Apptndagai 

SpMlM 

Mailllale 

Maillla 

Maailllpede I 

Maailllpede III 

P (A) am 

andopsd bllolMd 

andopod haa a baul 
lobe. Scale baa 
four [damoae leta 

endopod not dis- 
tinctly segmented. 
Ilasis protuberant 

Dactyl ends in two 
strung terminal 
spines 

P(A)dlv<nlpe^ 

eodopod aot 
Ulobad 

aodapod hat no baial 
lobe. Scale hai 
6*a planosa nefac 

endopod ansegmen^ 
ed, buls slightly 
protuberant 

Dactyl ends with 
a single strong 
tennlnal spine 

P(A) pandis 

endopod bllobed 

Baaal lobe preaent 
in the endopodite. 
Scale hat four 
plumose seue 

endopod not dis- 
tinctly segmented 

Dact)l ends in 
two long sub- 
equal terminal 
s^nes 

P (A) bravlcar- 
palii 

endopod bllobod 

Baaul lobe of endo- 
pod absent Scale 
has four plnmose 
satE 

B a s I pod 1 1 e not 
protuberant. Endo- 
podite bisegmented 

Ends in a single 
strong terminal 
spine 


It was not possible to study the subsequent stages owing to the short- 
ness of the author’s stay at the station, nevertheless these few observations 
are recorded here in the hope that the opportunity for continuing the work 
will be available in the near future. 
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I. Introduction 

The in^rtance of Copepods in plankton cannot be ovcr-emphosizcd. As 
pointed out by Johnstone Scott and Chadwick (1924), they “ are ubiquitous 


PoMUiad whh tbe Idiid pennMcM of the Director of Ind netnei and Conmarce, Modne. 

Bi 177 . 
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and abundant and of prime economic importance, m the respect that they 
are plentiful source of food both for many pelagic animals hke Herring and 
for hosts of small fishes" They constitute a major group of organisms m 
the zoo-plankton, contnbuting (as found by us) as much as 75 to M per cent 
of the total population of the planktonic organisms m the West Hill area 
of the Arabian Sea and forming “ one of the essential links m the food cham 
of the sea ” (Garke, 1939) They occur almost throughout the year m this 
area also, just as in the sea off the Trivandrum Coast (Menon, 1945) and m 
the Madras Coastal waters (K S Menon, 1931) 

Although Copepods occur throughout the year m the West Hill plank- 
ton, they undergo seasonal fluctuations in number, owmg to the varymg 
population of diatoms, which depends upon the hydrographic and meteo- 
rological conditions The present communication is an attempt to trace 
these relationships for the five years, beginnmg from July 1939 and ending 
with June 1944 ^ A list of the genera and speaes of Copepods abounding 
m the West Hill area is recorded, and the seasonal fluctuations of six unpor- 
tant genera of Copepods have been traced For one year (1945-46) the 
fluctuation has been studied m greater detail with special reference to its 
correlation to diatoms and physical factors In order to add to our know- 
ledge of the food chain of the sea, the authors have tried to correlate the 
Copepodan abundance with the amount of plankton-feedmg fishes m 
general and the Indian Chub Mackerel {Rastrelhger kanagurta) m particular, 
landed on the Calicut Coast 

II Physical Features and Climatic and Hydrographical 
Conditions of the Coart 

(fl) Physical Features 

The West Coast of Madras is characterised by a narrow stnp of low- 
lying land between the high mountains of Western Ghats, rising to an average 
height of 5, (XX) feet, and the Arabian Sea (Fig 1) Naturally, the nvera 
fiowing mto the sea are very short The descent from the mountains being 
steep, these nvers flow m great torrents, carrymg nch debris mto the sea 
Perhaps this feature is responsible for the wide Contmental Shelf fifty miles 
broad here (Raj, 1931) 

(6) Climatic Conditions 

Rainfall— The West Coast of Madras receives ram from two monsoons 
The greater port is obtamed from the South-West Monsoon which sets m 


' Hw oompuuiKn a m ■ocordanoe with the Fiahenn year, h fimni g u July of one 
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May or Juae and ends m August During these months, the sea is very 
turbulent and turbid. The North-East Monsoon occurs in October and 
November (Fig. 4). The average rainfall at West Hill is 107-5'. 

(c) Hydrographical Conditions 

Specific Gravity.— V k lowest specific gravity is m the months of June, 
July and August. In all the other months except in November, m which 
month there is a slight fall, the specific gravity curve maintains an average 
high level (Fig. 4) (Chidambaram and Menon, 1945) 

Surface Temperature.— According to Sewell (192S-29), the surface 
temperature of Indian seas directly depends upon the monsoon. Our investi- 
gations confirm this statement. The lowest surface temperature is noticed 
to occur in the months of June to September, i.e., dunng the South-West 
Monsoon. The highest peak is reached in the months of March, April and 
May. The little fall in the surface temperature in the months of December 
and January is due to the North-East Monsoon and the currents (Fig 4) 
(Chidambaram and Menon, 1945). 
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m. COPEPODS OF THE WeCT HiLL AREA 

Hk following gsnera and species form the bulk of the Copepod groups- 
Genus Canthocalanus A. Scott. 

1. Canthocalanus pauper (Giesbrecht). 

2. Calanus finmarchicus (Gunnerus). 

Genus Eucalanm Dana. 

3. Eucalanus crassus Giesbrecht. 

4. Eucalanus suberasus Giesbrecht. 

5. Eucalanus attenuatus Dana. 

Genus Undinula A. Scott. 

6. Undinula vulgaris (Dana) 

Genus Paracalanus Boeck. 

7. Paracalanus parvus Giesbrecht. 

8. Genus Pseudocalemus Boeck 
Genus Rhincalanus Dana 

9. Rhincalanus nastus Sars. 

Genus Pseudodtaptomus Herrick. 

10. Pseudodiaptomui annandalei Sewell. 

Genus Temora W Baird. 

11. Temora discaudata Giesbrecht 

12. Temora longicomis (Muller). 

Genus Centropagus Kroyer 

12. Centropagus furcatus Dana. 

13. Centropagus tenuiremis Thompson and Scott. 

Genus Labidocera Lubbock 

14. Labidocera acuta (Dana). 

Genus hfetridia Boeck. 

15. Metridia lucens Boeck. 

Genus Candacia Dana. 

16. Canadacia truncata Brady. 

Genus Pontella Dana. 

17. Pontella dance Giesbrecht 

18. Pontella securtfer Brady. 

Genus Acartia Dana. 

19. Acartia erythrea Giesbrecht. 

20. Acartia discaudata Giesbrecht. 
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Genus Oithona Baird 

21 Oithona ngida Giesbrecht 

22 Oithona plumifera Baird 
Genus Clytemnestra Dana 

23 Clytemnestra rostrata (Brady) 

Genus Aficrosetella A Scott 

24 Microsetella rosea Dana 
Genus Omee Philhpi 

25 Onae venusta Phillipi 

26 Onca corififera Giesbrecht 

27 Onca ornata Giesbrecht 
Genus Sapphirma J W Thomson 

28 SqppUrina ovatolanceolata Dana 

29 S^phirina mgromaculata Claus 
Genus Isias Boeck 

30 Isias etavipes Boeck 
Genus Corycaus Dana 

31 Corycaus elongatus Claus 

32 Corycaus venustus Dana 

33 Corycaus furcifer Claus 
Genus Euterpina Norman 

34 Euterpina acutifrons (Dana) 

IV Fluctuations of Copepods in General in the West 
Hill Sea for the Quinquennium 1939-40 to 1943-44 
(Text Fig 2) 

1939-40 — ^In July 1939, the Copepods occurred scarcely, but m August 
and September there was a steady use, so that the ‘ Plenty stage was 
reached m September and even exceeded m October However, it was 
during November that the maximum was reached, which was half way 
between the * Plenty ’ and the * Swarm ’ stages From December onwards 
there was a steady fall, a reversal of the nse noticed in August and Sep- 
tember In January the level fell to the ‘ Common ’ stage and from Febru- 
ary onwards a she^tly lower level than this was mamtained Companng 
the Cppepodan abundance of this year with those of the otha four years. 
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TixT'Fio 2 Chut ihowBg (he Annual Fluctuations of Copepods of the West Hill Sen for 
ilH q iii< vin*«iniiini 1939 to 1944 Months are shown oo the horliontal axis and the finequency of 
Gopepods on the vertical. 7, A, O, Af, D. J, F, M, A, M J, mmths fhMn July to June 
tt *• Ran. Few C- Common F= Plenty 5- Swarm 

the Copepoda seem to have maintained a fairly high level for more than 
an average length of time, which phenomenon may be attributed to the normal 
dimatio and hydrographical features of this year favouring the abundance 
of diatoms the food for Copepods) present in the sea, especially at the 
beginning of the year. 

1940 - 41 .— This year was not a favourable one like the previous one 
for CopqKxls. Almost up to the month of September, the Copepods were 
‘ Few ’ m plankton. It was during this month that the quantity of Cope- 
pods increased towards the ‘ Plenty ’ stage, but it never exceeded this stage. 
The decline began earlier this year, t.e. in Deconber, and by January the 
level fell below the ' Common ’ stage from which it never rose again. On 
the whole, this was a very poor year for Copepods, probably due to such 
adverse hydrographical conditions as high temperature, specific gravity, 
etc. (Qiidambaram and Menon, 1945 ). 

1941 - 42 .— During this year, conditions seem to have been quite fair 
for Copqiods. This year’s fluctuation simulates that of 1939-40 with the 
minor difference that the CopqKids flourished better until the numthof 
October and were lest abundant afterwards. The fair weather with a large 
number of sunny days seems to have bad a beneficent ^eet on the oop^Mdan 
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1942- 43 —The fluctuation curve of Copepods takes a different aspect 
this year from that of the other years under review The nse to the ‘ Plenty ’ 
stage u reached rather late m November, but once it has risen to this stage 
It IS maintained uniformly throughout the rest of the year The unusually 
prolonged monsoon and the very low surface temperature of this year 
account for this peculiar curve (Chidambaram and Menon, 1945) 

1943- 44 —The late appearance of Copepods m the sea and the un- 
precedented nse in their abundance characterize this year The * Swarm ’ 
stage was mamtamed m December and January In February the fall was 
as steep as was ihe nse in September The diatom abundance alone seems 
to have been responsible for the swarmmg of Copepods this year 

The fluctuation curves for the three years 1939-40, 1940-41 and 1941-42 
resemble each other m showing a nse m abundance dunng the months of 
July and August, a high level having been reached in all cases in September 
and maintained dunng October, November and December, this bemg 
followed by a low level in January The differences from such a frequency 
curve noted in the years 1942-43 and 1943-44 are accounted for by climatic 
changes and vanations in the abundance of diatoms which form the food 
of Copepods 

Regardmg the plankton of the Malabar coast, Homell and Ramaswamy 
Naidu (1923) reported that Copepods are the dominant crustaceans met 
with in the plankton They first appear m quantity in November, increasmg 
to their mnximum abundance early m December but suflenng no appreciable 
dmunution till January In March they are reduced to five eighths and 
they are very scarce from April to August 

The course of Copepodan fluctuation noticed m the present mveshga- 
tion difiers from that observed by Homell and Naidu Accordmg to 
them, '* they appear m quantity m November ”, whereas a fairly high level 
was noticed by us to have bran reached much earher (m September) m 
almost all the years under review Theu statement that in January the num- 
ber of Copepods are not reduced does not agree with our observations, since 
m all the first three years the Copepods fell down m number and reached 
low levels m January 

In 1942 Devanesan and Chidambaram stated that “ the entomostracan 
Copepoda should lead any list of planktonic organisms made m the sea 
oiqioaite West Hill, for such is its abundance and constancy m its occurrence 
that it mostly occupies the * Swarm ’ stage and falls only to ‘ Plenty ' stage” 
However, th^ noted falls in the months of August m 1936-37 and July m 
1940-41 
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The fluctuation curves of Copepods of the West. Hill plankton for the 
five yean under review (Fig. 2) shows that the Copepods as a group are found 
to be at their lowest ebb from May to September. From this month on- 
wards there is a greater Copepodan activity and the population of Copepods 
in the plankton increases so that they reach their maxima in the last week 
of November and early week of December. The fluctuation of Copepods 
shows unimodal curves indicatmg a Copepodan abundance for a prolonged 
period from September to January reaching peaks in December when they 
assume the ‘ Swarm ’ stage in the plankton. From January onwards they 
begin to dechne. 

V Seasonal Fluctuations of Sue Important Genera oi 
Copepods of the West Hill Sea for the Year 1945-46 

As in the Madras plankton, two types of Copepods were recognized 
in the West Hill plankton according to the nature of fluctuation and appear- 
ance that they e^bited: 

(1) Those which closely follow the total Copepodan fluctuation, like 

Oithona, Paracalanus, etc 

(2) Those which exhibit short sharp maxima, but are almost altogether 

absent at other times, like Euterpma and Corycam 

This was established from a study (Fig. 3) of the appearance and fluctua- 
tions of the following six genera . — 



Ito-Fki. 3. Chart ihowlas As SmsooiI PfootnatieM of da laiportaBt OaDeta orODp»> 
podser AsWait UlO 8ca.rortha yaBrl94S-M. (Phr aapkaatloo of abfaravtatkmi. laa Fig. L) 
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Oithona, Paracalanus. Acarlia, Temora, Euterpina and Corycaus 

Oiihona— This is the first Copepod to appear in the plankton in the 
month of July together with some Crustacean and Copepodan larva and 
post-larval stages. This form is found throughout the year in the plankton 
and has its maximum period in November and December. 

Paracalanus Paracalanus is the most common form in the plankton 
of this coast. It IS very rare in July, but becomes common gradually, reach- 
ing its penod of maximum abundance in the latter part of October ; it con- 
tinues to be fairly abundant till the end of March The peak fieriod is from 
November to January 

Acarlia. — Acarlia is continuously present m the plankton and its 
fluctuation is very similar to that of Paracalanus The peak period, however, 
is slightly shorter than that of Paracalanus. 

Temora. — Temora, like the previous three forms, is alio constantly 
present in the general plankton of the West Hill area; but unlike them, it 
lacks a sharply distinguished peak period, its fluctuation curve being 
smooth and uniform 

Euterpina.— This form makes its first appearance much later than 
others, m August .n the first instant, and it disappears completely from 
the plankton by the last week of August. In October, it comes up again 
and is followed by a sharp maximum which falls down considerably in 
December Hence onwards only a few of them are found in the plankton. 

Corycaus. — Corycaus occur in the plankton in those months when 
the surface temperature and specific gravity are fairly high. During June, 
July and August when the specific gravity and surface temperature are low 
Corycacus is absent. 

VI. Fluctuation in the Copepod Population of the West 
Hill Area within the year 1945-46 and rrs 
Correlation with Diatoms and Hydrographic 
AND Meteorological Factors (Fig. 4) 

July.— The first ten days in July present a plankton completely devoid 
of Copepods. Copepods make their appearance on the eleventh day. The 
same phenomenon was noticed in the plankton of the Madras Coast by 
Moion (1931). When the diatoms increase, it was seen that Copepods 
dosely follow them ( Chidam baram and Menon, 1946). The production 
of Copepods halts during the period when the diatoms reach the 
stage of * Swarms ’, as was noted in the plankton of the Trivandrum Coast. 




Tnn^Fk). 4. Cbart ihowini the fluctuation in the Coptpod populntioa of the Wait HID nren 
«itlnn the year 1945-46 and its oomlatian with Dtaioms and hydntraidiie and mataonrioflea] 
fwton. The iq>pcr curves r ep w ee nt Oe ft«|uaicy of Cop^iods and diatoms ; when the latMr 
thtee Gorvca ahow the vaiiaUnu in surihcn tampentui*. rafadUl and vaeifle gnvlty ifciriag the 
varionv months of the year 1945-46 
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From the third week Copepods tend to increase in numbers as well as 
in species and with this comes the fall m diatoms Dunng the last days 
of the month, both Copepods and Diatoms begin to wane down and assume 
more or less the same intensity in population 

August — The condition at the beginning of the month shows still a 
downward trend A slight increase in temperature and sabnity and bnght 
sunshme set m and a sudden outburst of diatoms follow The Copepods 
follow the upward trend to some extent Towards the third week heavy 
turbulence of the sea with a strong current attended with bnght sunshme and 
shght rise in temperature cause the phenomenon of “ Animal exclusion ” 
from the plankton These conditions are most favourable for the creation 
of a diatom maxima and “ zoo-plankton dehmtely avoids area where phyto- 
plankton IS thick” (Hardy, 1935) This diatom flowering is contmiied to 
the end of the month and is earned to the beginmng of the next month 
September — The diatom flowenng soon falls for a short penod dunng 
which favourable conditions prevail for a shght increase in the activity of 
the Copepods Again, simultaneous with the recurrence of fairly identical 
conditions as in August there is a repetition of the descent of the Copepod 
curve and an ascent of the diatom curve 

October— The Copepods are at their lowest ebb at the begmnmg of 
the month and consist of only a few specimens of Acariia, while the diatoms 
abound Thenceforth, the vanety and quantity of Copepods mcrease and 
Temora, Paracalanus, Euterpma and Pseudocalaius come into the planktomc 
picture This condition together with the scarcity of diatoms contmue for 
a short period, when due to the scarcity of diatoms the Copepods fall down 
November —From the beginning of November, there is a gradual ascent 
of the Copepoda with great enhanced activity of ParacaUmus, Acarlla, 
Euterpma, Oithona and Pseudodtaptomus Diatoms show a weathering out 
and are very rare towards the end of the month 

December —At the begmnmg of December the Copepods are at their 
zemth of activity The abundance of Copepods m De^mber is similar to 
the peak of diatoms in August and September December is a zoo-plank* 
tonic month 

January and February -—In January there is an imtial fall of Copepods 
which IS soon made up and throughout the rest of the month and in Febru- 
ary exciting the last week there is a steady production of Copepods 
March, April, May and June —From March onwards there is only a 
very reduced activity of Copepods and they descend to very ‘ Rare ’ stage 
in May and June 
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VII. CopEPOD Fluctuation in Relation to Wevt Coast 
Fishery for the Quinquennium 1939-40 to 1945-44 

The fluctuations m the Copepod population in the West Hill plankton 
were correlated to those of the fishery of the plankton-feeding fishes of the 
Calicut Coast for the years 1939-40, 1940-41, 1941^2, 1942-43 and 
1943-44. 

1939-1940 (Fig. 5 ) 

The Copepods begm to rise to a high level by September and contmue 
to be in the p^ period till December. The general fishery of the Coast 



TUt-Fio. 5. Ourt ihowiiig the ocMrelstiaa of Q^epodi with gmeral flihety and MackenI 
Fidny ta the .Wat HUl Sea for the year 1939-40. 

also flourishes and reaches a peak m September, but falls down to a lower 
level in October, due to the prevailing North-East Monsoon, during which 
fishermen find it diflicult to go out into the sea. Notwithstanding the tempo- 
rary fall, the general fishery again rises to its maximum by December, from 
which month there is a st^y fall, simulating the decline of the Ccpepod 
curve. As for the Mackerel fishery, the peak in September is absent but 
that in December coincides with both the general fishery and the Copepod 
peaks. 

1940-1941 (Fig. 6) 

The graph differs but slightly from the one just described (1939-40). 
The Copepods take longer time to establish their abundance and attain 
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Ttarr Fn 6 Chart ihoiniig the ootiekt od of CopqMdt with feaenl fldieiy ud Mackeral 

Fnhoyof the West HU Sea for the year 194(MI 

Plenty stage m October and maintain that level till January The general 
fishery however rises to a peak in September a httlc ahead of the Copepodan 
abundance The fall m general fishery due to the North East Monsoon 
18 repeated this year as well Nevertheless the general fislmy soon regains 
Its abundance and the highest peak is rea hed in December comcidmg with 
the Copqxxlan maximum The Mackerel fishery has only one peak as 
in the previous year which peak coinades with those of the Copepod and 
the general fished After December all three i e Copepod general fishery 
and Mackerel Fishery are on the dechne 

1941 1942 (Fig 7) 

The Copepods begin to nse this year from August onwards and reach a 
very high p^ by October from which month there is a gradual decrease 
m their abundance The general fishery too closely following the Cope 
podan curve at first rises but later suffers a depression in September perhaps 
due to the strong North East Monsoon The fishery takes a long time to 
recover and attains the second peak only in January by which time the 
Copepod curve is already on the descent The Mackerel Fishery even 
thon^ It exhibits slight activity m August and agam m October reaches its 
maximum peak m January comcidmg with those of Copepodan and the 
general fishery 
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TbcT-fu 7 Chut liimnng the oomlatiaa of Copepodiwth BBoeral fishery and NfaekMol 
Fuhuy of the West Hill Sea for the yeu 1941^2 

1942 1943 (Fig 8) 


The Copepods take a longer tune to rue up to the Plenty stage thu 
bong achieved only in December From thu month the abundance of 



Tuct Flo S Chut riiowng the coiTdatioa of Cc^iepodi w tb aeneral fiaheiy and MackanI 
Fnhity of the Wen Hill Sea for tlu yeu 1942-43 


Copepods u maintained at almost the same level for the rest of the year 
The gnieral fishery curve nuu almost parallel to the Copepod ascent and 
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the peaks m both are readied aimultaneousty, but from November onwards 
there u a shght fall From this depression it seems as if the general fishery 
tried to emerge agam, but soon aAer a shght rise descended to low levels 
unlike the steady Copqiod curve The Mackerel fishery curve runs almost 
parallel to the general fishery curve The North-East Monsoon bemg less 
prolonged does not seem to have had any adverse effect on the fishery It 
is not known why the fishery did not maintain a hi^ level following the 
steady Copqiodan abundance 

1943-1944 (Fig 9) 

In September the Copepods mcrease m quantity and readi the Swarm 
stage m December From February onwards there is a regular descent 



TiirrFD9 Oiirt ibowms the contlatian of Copspodi with snend flihtiy and M«Sca«l 
Fntey of the WMt Hfll See for the yeu 1943-44 

of the Copepod curve The general fishery is fair from the begmnmg of 
the year and its rise is gradual until the zenith is reached in January From 
February onwards, there is a descent similar to the Copepod curve The 
Mackerel fishery differs but little from the general fishery the only noticeable 
difference being its low start at the beginning of the year The Mackerel 
fishery also reaches its maTiitiiim m January and shows a decline from Febru 
ary onwards corresponding to the general fishery and Copepods The 
abaence of a depression m the fisheries during the North East Monsoon was 
due to the comparatively weak Monsoon which prevailed this year 
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During the months of July and August, due to the Monsoon, there is 
very little fishery and the Copepods too are at their ebb. By September, 
the Copepods are on the ascent and the plankton-feeders too increase. Due 
to the North-East Monsoon, there is a fall in‘the fishery in the months of 
October and November. It is remarkable that the peak periods for both the 
Copepods and the Fishery are reached m December for all the five years. 
This condition extends to January also for two years, i.e , 1942-43 and 
1943-44 (Figs. 7 and 8). From Februaiy onwards there is a sudden fall in 
both the fishery and Copepods, probably due to upwelling of the coastal 
waters From March onwards up to June, there is neither good fishery, 
nor do the Copepods rise above the " Common * stage In the year 1942-43, 
there was a remarkable abundance, of Copepods. They ascended to the 
‘ Plenty ’ stage in the month of October and continued in that stage for the 
rest of the year, and naturally the best fishery in all the five years under review 
occurred then 

IX CopEpods and Mackerel Fishery 

The Mackerel is the most important plankton-feeding fish. It is note- 
worthy that in all the five years the Mackerel fishery presents unimodal 
curves closely resembling the unimodal copepodan curves, with the peaks of 
the two coinciding while the general fishery shows bimodal curves (Figs. 
4 to 8). 

X. Discussion 

Chidambaram and Menon (1946) have described m detail the seasonal 
occurrence o^ diatoms in the sea off Calicut and their relationship to the 
physical factors in the sea and weather conditions. The present investiga- 
tions not only confirm their observations, but tracing the food-chain of the 
sea further show how the Copepods link diatoms to the fishery. The physical 
factors have little direct effect on Copepods but they influence the fluctua- 
tions of diatoms, which, in their turn cause Copepodal fluctuations. Hence 
it is that the two monsoons with their freshets of nutrient salts, the slight 
increase in temperature and salinity, increase in sunlight and calm waters, 
all seem to have a beneficent effect, though not immediately, on the Cope- 
podal growth. 

The cor-elation between diatoms and Copepods m the plankton is 
obvious. Earlier workers (Johnstone, 1911; Fish. 1925; Bigelow, 1926) 
stated that the “ main copepodan population appears m times and ^aoes 
where prominent diatom flowerings were absrat”. But the Monsoons 
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caused a bloom setting “ a nursery for young Copepods ” (Wimpenny, 

1926) these devclopmg Copepoda grazed on the diatom patches 

“ eatmg holes into it *’ SojDJiepods can be considered as a major factor 
in regulating the diatonfllt^^htion (Haney, Cooper, Lebour and Russel, 
1935) 

The relationship between Copepodal fluctuation and the fishery is also 
apparent The fishery of plankton feeding fishes in general and Mackerel 
m particular, comcides with the Copepodal fluctuations 
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APPENDIX 

Fishes of the West Hill Area found to feed on Copepods 


Family Cli^uUt 


Family Engruttdtt 


Family DoroMontdm 
Family Chanidit 
Family Aridix 
Family Henuramphuim 
Family Cynoglossidtt 

Family Mugilldm 

Family ScmUda 
Family Scombriebe 
Family Carangider 


Family Stmoudm 
Fanny PoUnemidm 
Wmadtf Lacuna 
Family LeognatMda 


SardmeUa fimbiiata (Cuv and Val ) 
Sardutella longiceps (Cuv and Val ) 
Sardmella albella (Val ) 

Sardinella jussieu (Lee) 

Macrura kelee (Cuv ) 

Macrura llisha (Buch and Ham ) 
Opisthopterus tardoore (Swainson) 

Xowala coval (Cuv) 

Thrusocles mystax (Schn ) 

Thrusocles dussumien (Val ) 

Thrissocles nudabancus (Bloch ) 

Thrusocles kammalensts (Blkr) 

Anchoviella tri (Blkr ) 

Anchoviella heteroloba (Ruppel) 

Anchoviella zoUingen (Blkr) 

Anadontostoma chacunda (Buch and Ham) 
Chanos chanos (Fonk) 

Arms dussumieri (Cuv and Val) 
Hemiramphus georgii (Cuv and Val ) 
Cynoglossus sernffasciatus (Day) 
Cynoglossus brachyrhynchus (Blkr ) 

Mugil parsia (Buch ) 

Mugtl waigiensis (Q O ) 

Johnms caruita (Block ) 

Rastrelllger kanagurta (Rupp ) 

Caranx trumenopthabma (Blrk ) 

Caranx kurra (Cuv and Val ) 

Caranx kaJIa (Cuv and Val) 

Serranus fasciatus (Forsk ) 

Polynemus sextarms (Blkr) 

Lactofius lactarms (Schn ) 

Leognathus bfndus (Cuv and Val > 
Leognathus splendens (Blkr ) 

Leognathus buidiator ^Ikr ) 

Leognathus rueonhu (Ham) 

Leognatha edmttuba (Ukr) 
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Introduction 

Since Leydig’s^ pioneer paper deabng with the Parietal Organ in Lacerta 
and in Anguis a large number of papers on the structure and development 
of this organ in a senes of vertebrates have been published by vanous authors 
Baldwm Spencer (1887) m his excellent monograph on the “ presence and 
structure of the Pineal eye m Lacertiha ” gives a brief descnption of the 
structure of Pineal eye in some species of Cables It seems there is no 
other work dealing with the Pineal organ of Cables although Dendy 
(1899 a), (1899 h), (1907), (1911), Nowikoff(1910), Boven (1925), and others 
have described the structure and development of pineal organ in many 
reptiles Gladstone and Wakeley (1940) give a summary of all the work 
done on this organ from morphological, histological cytological, embryo* 
logical and medical points of view 

The present paper attempts to give d brief description of some develop- 
mental stages of pineal organ in a senes of Cables embryos This study 
was undertaken while examining a series of sections of the embryos of 
Cables versicolor (Daud ) for the purpose of observing the development 
of some of the chondrocranial elements Unfortunately verv young stages 
of embrvos were not present in my collection 

My study confirms, except in some details the observations made by 
previous workers Whereas the general plan of the development of the 
pmeal organ in Cables in no way differs from that of Sphenodon and Laceria, 
the structure of the Paraphysis in this case is simpler and the lens anses at 
a comparatively later stage 

Material and Methods 

The material for this paper was collected in Nagpui duimg July to Sep- 
tember 1944, and was fixed in Bourn's fluid , sections of the heads of embryos 
were stained m Hsmatoxylin and counterstained m Eosin 


^ Die Artat der Saurier, 1872, p 72 
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Description of Stages 
The earliest stage in my collection (head length 3-Smm.) shows the 
two Pineal vesicles lying one behind the other over the roof of the forebrain 
(Text-Fig. 1). Of these vesicles, the anterior (pin.e.) is completely closed 
on all sides and is situated slightly towards the right side of the median 



T«t-Fio 1 —Sagittal section through the head ol a young embryo of Calotes rtnteolor 
(Daud). dors., donal sac, epl , epidermis, pine, pineal eye, plus, pilnea sac x3X>5. 

sagittal plane. U is oval m shape with the upper surface shghtly flattened. 
It is covered above by the epidermis (epi ) of the head, and behind it lies 
the posterior vesicle (jun.s.) and below it, the wall of the Dorsal Sac {dor. s.). 
This vesicle will ultimately develop into the Pineal eye 

The posterior vesicle {pin.5.) is a finger-shaped structure arising from 
the forebrain. It is hollow and is in communication with the cavity of the 
forebrain. In front of it is the anterior vesicle {pm. e.) with which it does 
not communicate. Subsequently it will give rise to the Pineal Sac. The 
wall of the brain just in front of the Postenor Vesicle and below the anterior 
one will form the Dorsal Sac. 

Histologically, both these vesicles resemble the wall of the brain from 
which they arise. 

In the next stage (head length 4 mm.) (Text-Figs. 2 and 3), the pineal 
complex is more fully developed, and the pineal eye appears to be fully 
formed {pin.e.), its upper portion developing into a lens {le.) and the lower 
portion into retina. 

The mesoblastic tissue between the brain roof and the epidermis sepa- 
rates the pineal eye from the forebrain and the pineal eye has apparently 




Tbit^ 3 Median lagitttl wcbon through the bead oT an cfnbt>o of Odotu yirOeobr 
(Daud)arinira head length The lection ti ilightly obhque and doea not paai throu^ the 
mddle of the pineal eye bleor Mood oorpuicle eomob commuaura abemu per ponphyib 
iff mat , third vouricle (other lettering aa in Tint Fm 1 and 2) 
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lost all connections with it The pineal sac {pm s) develops as a glove 
finger shaped structure bent antenorly and ending well behind the pineal 
eye From the postenor end of the pmeal eye the pineal nerve {pin n ) 
goes back below the pineal sac antenor to it and enters the supenor com 
missure {sup com ) where it enters Hebenular ganglion The paraphysis 
(Text Fie 3 Par ) also appears to arise from the forebram as a hollow finger 
shaped outgrowth at the posterior extremity of the Dorsal Sac {dor s) 
The limit of the Dorsal Sac is defined antenorly by the paraphysis and 
postenorly bv the Pineal sne 

From this stage onwards all these organs persist as such and show the 
same structure In later stages the pineal eye undergoes certain changes 
in its shape and in the amount of pigment present in it other parts do not 
show any marked change 

While these organs are being formed internally the pineal eye is seen 
externally from 3 S mm head length onwards as a circular dark blue spot 
(Text Fig 4 a to / pm e) situated nearly in the middle of the head in the 



d e f 


Tnrr Fio 4 — Donil vww oT the devei^nng embryos of OdottM showing developing pmeal 
scale over the pmeal eye earh oerebtal hemispherBi Arc scales d' the head <91 I optwlobss 
eAiK pineal scale 

space bounded m front by the cerebral hemispheres {cer h) and behmd 
the optic vesicle {opt I) Immediately behind the pmeal eye another 
blue spot considerably smaller than the pmeal eye marks the position of 
the antenor end of the pineal sac {pm s ) Very soon scales develop m the 
head region (sc) Above the pmeal eye a large transparent median scale, 
polygonal m shape and completely free from pigment, makes its appearance 
(pin sc) This pineal scale persists as such in the adult 
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Discussion 

The Pineal Eye —The earliest appearance of the pineal eye is shown 
in Text-Fig 1 It comprises of the anterior vesicle (pm e) No other 
differentiation in the wall of the vesicle such as into an upper lens and a 
lower retina is visible although the vesicle is completely separated both from 
the posterior \esicle and the bram roof The differentiation of the anterior 
vesicle into lens and retina therefore appears to occur at a later stage 
Calotes, in this respect, differs from Lacerta (Nowikoff 1910), and Spkenodon 
(Dendy, 191 1), in both of which the upper wall of the antenor vesicle thickens 
quite early sometimes long before the two vesicles are constricted off from 
the brain and from each other • A comparison of Text-Fig 1 with 
Figs 30, 31, Plate 5 of Dendy 1911 and Fig 6 Plate 3 of Nowikoff, 1910, 
clearly shows the difference Both in Nowikoff s and Dendy’s figures the 
upper wall of the antenor vesicles has thickened to form the lens, but in 
Calotes embryos of roughly the same developmental stage no signs of 
differentiation are visible as yet in the anterior vesicle 

There is a considerable gap between the first stage (head length 3 5 
mm ) and the second suge (head length 4 mm ), the latter represents a more 
advanced condition (Text-Fig 5) 



(M "«■ 

TDCT-Fn 5 — Trtmveno tectioa through the pinetJ eye of • Caloui embryo of 4 mm head 
Icoglh RH , nudeui, pf pigment W cA , vitreoui ebambar 

The lens is formed from the upper portion of the wall of the antenor 
pmeal vesicle (Tcxt-Fig \, pine) the region which is in direct contact with 
the superfiaal epiblast of the head The cells of the pineal eye in this region 

* -The difltoaitiatioa of the wdl of flie optic veeide mto leu and retina rekee place at 
areinarkablyearlyitafeofdevelopnient It may commence even before the two pineal outgrowth! 
have separated from one another which occun at ttago0(flg 30)"-Devly PMl Thmt Ray Sac 

1911, Ml. 265 
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become elongated and consequently the wall is thick (Text-Fig. 5, le.). At 
this stage the area of the lens in proportion to that of the retina is very small, 
the wall of the lens is thickest in the middle but gets thinner as it approaches 
the retinal region. The lens thus has a biconvex shape at this stage. The 
cells of the lens are lenticular and they contain elongated fusiform nuclei. 
No pigment was observed in the lens at any of the stages There is no sharp 
constriction at the junction of the lens with the retina and the lens can be 
distinguished from the retina by its elongated cells and absence of pigment 
in it. Between the epidermis of the head (Text-Fig. 5, epi.), and lens there 
is a clear and transparent mass of connective tissue (cr.). In later stages 
when the pineal eye becomes dorsoventrally compressed and consequently 
flattened the biconvex structure of the lens becomes less marked and the 
area of the lens also increases. 

The retina of the pmeal eye consists of the usual elements found in 
other Lacertileans. In 4 mm head length embryo the wall of the retina 
adjoining the vitreous chamber is almost free from nuclei (Text-Fig. 5). 
This area is packed with dark brown pigment granules (pi.) The outer 
region of the retina is limited by a basal layer of cells with nuclei roughly 
arranged in a single row (nu). ^tween the outer basal layer and the inner 
pigmented region are numerous irregularly scattered nuclei belonging to 
pigment cells, the ganglion cells, and other elements of the retina. The 
vitreous chamber (vi. ch ) which is quite conspicuous does not appear to 
contain any structures in it such as are found in Sphenodon and Laceria. 
In the 6 mm. head length stage (Text-Fig. 6), the pmeal eye appears more 



0.1 mm. 

Tbxt-Fio 6. Tramvene Mctlon throu^ the pinn] eye of b Cahies embryo at 6 mm. 
leagth . e.t., ooonective timue; e.t./, cooaective tiaue fibre. 

compressed dorsoventrally and the vitreous chamber becomes narrower 
and more elongated. The amount of pigment in the retina increases 
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considerably (Text-Fig 6, pi ) and a thick mass of pigment occupies nearly 
half of the region of the retina adjoimng the vitreous chamber The nuclei 
of the retma are more regularly arranged Besides the mner compact 
mass of pigment, scattered pigment granules also occur throughout the 
retina (pi ) 

Pineal sac —The posterior vesicle (Text-Fig pin s) already desenbed, 
develops into the pineal sac Beginning as a hollow finger-shaped out- 
growth arising from, and in commumcation with, the cavity of the forebraio 
the pmeal sac becomes progressively elongated as the epidermis of the head 
separates from the roof of the forebrain owing to the development of the 
mesoblastic tissue (Text-Figs 2 and 3) The pineal sac from 4 mm head 
length stage onwards retains a uniform structure It originates towards the 
posterior end of the dorsal sac, runs upwards and then onwards and ends 
shghtly behind the pineal eye In very early stages the anterior end of the 
pmeal sac can be seen as a tiny blue spot just behind the pineal eye in the 
dorsal groove of the head (Text-Fig 4 o, b, c, etc ) In advanced stages, how- 
ever, the pmeal sac be mes more deeply situated and hence cannot be seen 
externally Ongmally me cavity of the pineal sac is contmuous with the 
third vesicle (Text-Fig 1), but this connection is obliterated when the superior 
commissure (Text-Figs 2 and 3, sup com ), and postenor commissure (post 
com ) come together and abut against each other The original place where 
the cavity of the pineal sac opened into the cavity of the brain is clearly seen 
in advanced stages as a groove between the posterior and superior com- 
missures (Text Fig 4) The connection of the pineal sac with the brain- 
roof IS however retained through the proximal solid end of the pineal sac 
The pmeal sac is a hollow structure although its cavity appears to be oblite- 
rated m the bend 

The pmeal sac is a hollow structure although its cavity appears to be 
obhterated m the bend It is a multicellular tbick-walled structure The 
cells are more or less irregularly arranged In general, its structure resembles 
that Oi the retma of the pineal eye In many embryos, presence of pigment 
was observed in the dist^ extremity of the pmeal sac Dendy (1899 b) has 
recorded the presence of pigment near the distal extremity of the pmeal sac 
m an embryo of Spheno^n Dendy (1911) also described the presence of 
pigment in the distal extremity m adult Sphenodon 

The Pineal Aferve— In the earhest stage, the pmeal nerve is not seen 
At 4 mm head length the pineal nerve is quite distmct (Text-Figs 2 and 3, 
pm n) It enters the pmeal eye towards the postenor region and not m 
the middle Traced backwards from the pmeal eye the nerve runs at first 
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nearly parallel to the brau and it bends near the distal extremity of the 
pmeal sac and runs for the rest of its course m close connection with the 
pineal sac antenor to it The pineal nerve is seen finally to enter the supe- 
rior commissure beyond which its fate could not be trac^ 

The Dorsal Sac — The roof of the forebram just above the optic thala 
mus forms the Dorsal Sac (Text Figs 2 and 3 (hr s) Posteriorly the sac 
ends near the base of the pineal sac in the supenor commissure (Text Figs 
2 and 3 sup tom) and its anterior limit is marked by commissure aberrans 
(com ab ) The dorsal sac is a broad based triangle m communication with 
the third ventricle It is covered antenorly by the paraphysis (Text Figs 
2 and 3, Par ) and posteriorly by the pmeal sac (Text Figs 2 and 3, pm s) 

The Dorsal Sac is a thm willed structure consisting of a single row of 
cubical cells with small more or less spherical nuclei (Text Fig 7 w dors ) 


i 



Text Fio 7 - a magnifled figure of the region endoced within the ndingle m Ten Fig 
3 to show the structure of the well of the peixi^iysu and the dorsal sac w don wall of 
dorsal sac v par wall of the paraphysia 

The nuclei are regularly arranged and placed towards the inner side of the 
wall 

Paraphysis —T\)t paraphysis occupies the same position in the embryos 
of Cahtes as desenbed m the embryos of Sphenodon and lacerta^ but its 
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structure in Calotes embryo is less comphcated It develops as a thm 
finger-shaped process just in front of the dorsal sac (Text Fig 3, Par ) and 
communicates with its cavity through the third ventricle It bends back 
over the wall of the dorsal sac covermg it for the greater part of the length 
It runs close and parallel to the pmeal sac for a short distance the space 
between the two being filled with mesoblastic tissue, blood vessels and nerve 
fibres 

The paraphysis m Calotes embryo diffen from that in Sphenodon (1899 fi, 
1911), and Lacerta (NowikofT, 1910) in the absence of folds and tubules m 
Its walls Its blood supply also does not appear to be so abundant The 
histology of the paraphysis is almost identical with that of the dorsal sac 
The wall of the paraphysis is, however, thicker than that of the Dorsal Sac 
and Its nuclei are more elongated and less regularly arranged (Text-Fig 7, 
M* par ) It does not show the syncytial structure with the nuclei arranged 
m regular rows as m Sphenodon (Dendy, 1910) In Calotes embryo the 
paraphysis has well-defin^ outlmes As stated above it further differs from 
other Reptihan embryos m not bemg a complex tubular structure nchly 
supphed with blood vessels The paraphysis m almost all Calotes embryos 
examined by me is a simple structure and is neither produced into a convo- 
luted tube nor it is very highly vascular 
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SUMKAKY 

1 The various parts of the pmeal complex, viz , the pmeal eye, pmeal 
sac, pmeal nerve, dorsal sac, and paraphysis develop m the same way as m 
Sphenodon and Lacerta 

2 The lens of the pmeal eye of Cables verstcohr appears at a later 
stage of development than m Sphenodon and Lacerta 

3 The paraphysis in the embryos of Calotes versicolor is a simple 
structure, nather pr^uced into convoluted tubules nor nchly supplied with 
blood vessels 
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THE EFFECT OF THE INTERACTION BETWEEN 
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The experiments performed on Mytilus, trog mammalian and avian un- 
stnated muscle (Smgh, 193&I 1939, 1940, Singh, Smgh and Muthana, 1947) 
have been performed upon human unstnated muscle for purposes of corn* 
parison 

Experimental 

The human appendix has been used The method of stimulation was 
as described previously (Singh, 1938n, 1940) The appendices were removed 
by one of us (A K M Khan) dunng abdominal operations at the civil 
hospital Immediately after operation the condition of the appendix as 
regards its inflammatory condition was noted In the beginning, a histo* 
logical study of the sections was undertaken, but later on this was abandoned, 
as no correlation was found between the response and the histological 
findings Further no correlation was found between the condition of the 
appendix as noted externally, and the response as our expenments were of 
a quahtative nature, thus ^e condition of the appendix was not of any 
significance in these expenments 

Results 

The responses of the human appendix show some fundamental differ- 
ences from those of unstnated muscle from animals hitherto used 

Effect of temperature optimum temperature m six appendices, 
two normal and four inflamed, for the response to alternating current, was 
higher than m the dog’s stomach, dog’s retractor penis, fowl’s gut, or rabit’s 
gut. It was 37-40° C (Fig 1) It appears that human muscle acts best when 
at the body temperature, and a little above which may be encountered in 
fever, human muscle has therefore, a more restneted range for normal 
activity It IS possible that for normal functioning, the range of variation 
allowed in the environmental factors, becomes more restneted with ascent 
BSb 205 
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in the scale of evolution; in other words a more perfect homeostasis is 
demanded 




Fk). 2. Appaidiii. ContiBotjon in the absence of pouitliim. Contnctknf (I) and (2) by 
ahemating cumoi (8 volts Tor 10 leconds) Poiassium (lee saline is added at the arrow. Note 
the coni met ion. 
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The optimum temperature for the response to potassium is the same as 
that for alternating current; this differs from results on other muscles, in 
which the optimum temperature for potassium is less than that for alter- 
nating current and so less than ZT C. 

Other differences . — Human muscle contracts in the absence of potassium 
(Fig. 2). Anions, Br, I, NOs, SCN, and drugs eserine, acetylcholine, in small 
concentrations cause contraction, which is not antagonistic to alternating 
current (Fig. 3). These results have occasoinally been obtained on other 
muscles. Higher concentration of the above substances may be antago- 
nistic to alternating current. 



Fn. 3. Appendix. A. Cootnctioa (1) ie coniuot mpcase to ehenutfaig aneot ta alias. 
10-* eesrins fulpliste sddsd St flm sirow; imsta fai toas a wsQ ss tbs rapona to sltanstias 
Gunent (2). Addidoa of 10-* aenne luliAsts st aco nd snow gnsUy tncrasae tens, but tbs 
rapona to euncot dscnsas (3); aoine Is tben whbdrswn snd tbs musds relsaa at tbiid 
SDow. B. Pint two lapoosa to alterasttni cuneot to laline. 20 per oat. of cblorlde Is tben 
r^lacsd with bromide: tone tocnaaa u weQ a Ibe isipoaa to cunent (3). 

n 





208 


A K M Khan and Inderjit Singh 

Effect of ommomum —Ammonium imtially produces an inhibition to 
which the muscle adapts Increase m the concentration of ammomum 
produces further inhibition and adaptation this can be repeated till adapta- 
tion to inhibition ceases and the muscle finally relaxes (Fig 4) These 



no 4 Appaidn (1) (2) (3) (4) (9) (6) oootnctioiif produced by altsnMtnig cumnt. 
SOpcrooU of die ndiom of tte uline replaced by ■nunooioiD after (1) note mhibitioa from 
vhidi the mnerbi recoven Smulirly mcreumg cooceatratwi of immoamm added after eadh 
eeatractioB pndoota mhibitiaa from whicfa the muade r e cov e r ! With >0 to 100 per ant 
replecemwit adaptation dirnmnhea and mhiHtion becoone parmanaif. 

results resemble exactly those produced on Mytilus muscle with oontracbon by 
alternating current (Fig S) (Singh, 19386) This suggests some mtimate 
relationship between inhibition and eutation (Singh. I94S) 

The optimum pH for the response to altmiatmg current is 8 and 7 
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Discussion 


Human muscle thus differs from muscle of lower animals in many 
important respects The fact that tone, the response to potassium and that 
to alternating current may be affected similarly, suggests that in human muscle, 
adaptation plays the dominant role This also throws light on the mode of 
excitation by a substance 

When the muscle is stimulated, the tension produced subsides owing to 
adaptation If the excitatory process be termed as V, and adaptation as U, 
then the tension developed is a function of (V-U) Now, (V-U) can increase 
in two ways, first, by increase of V, and secondly, by decrease of U 
It follows therefore, that exataUon may take place by lowenng of threshold 
value of adaptation, the response to potassium and alternating current 
as well as tone would then be idenucally affected If adaptation is due to 
release of calaum, then excitation would be produced by suppression of 
ionised calcium m the membranes or elsewhere Thus increase in calcium 
would produce inhibition, and decrease, excitation This is probably the 
mechanism of surface action by vanous drugs and ions The other way of 
producuig exatahon is by produong a difference in lomc concentration on 
the two sides of the muscle membrane 
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Summary 

Human unstnated muscle differs from unstnated muscle of lower 
animals in the following respects 

(1) The optimum temperature for excitabihty is higher, 37“ 

(2) Many substances affect the tone as well as the excitability to alter- 
nating current and potassium similarly It is suggested that this is due to 
decrease of adaptation, as an increase produces uihibition 
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THE ACTION OF DIRECT CURRENT ON 
UNSTRIATED MUSCLE 
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WiNTON (1937) found that the stimulation of M)iilm unstnated muscle by 
direct current results m slow relaxation after contraction He did not find 
any effect of polarity of the current on the mechanical response Singh 
(1938 b) found that this tome contraction or slow relaxation was due to the 
action of ions in the saline, as it was produced when stimulating ions were 
present in the salme and was antagomsed by agencies that opposed the 
action of these ions In striated muscle the mechanical response during 
fatigue IS affected by polarity of direct current Heilbrunn (1937) Singh 
(1937) showed that though Myttlus muscle may become inexcitable to all 
forms of stimulation, when the chlonde of the salme is replaced with cyanide, 
it still responds to cessation of direct current 

In the present research, the effects of direct current, which differ m many 
respects from those of altematmg current, were elucidated 

Experimental 

The muscle used was that from the frog’s stomach , arcular stnps were 
used They were stimulated with direct current by two methods (1) the 
flnt method was that described previously (Singh, 1938 a) (2) In the second 
method the muscle was stimulated by either the anode or the cathode vary- 
ing from 1 >4 to 1 S volts, usmg Zn ZnSOt non-polansable electrodes , t^ 
indifferent electrode was on one end of the muscle which was killed by heat 
Results 

When the fro^s muscle is stimulated with duect current, it produces 
three contractions, one while the current is flowing, the other when the 
current stops after a latent period of about 2 to 10 seconds, and a third a 
few seconds (10-60), after the cessation of the current (Fig 1) 

Relation between make and break contractions —The make and break 
oontractions may be affected identically or oppositely When they are 
oppositely, their magnitude bears an mverse ratio, so that the total 
jQgy approximately remam constant (Fig 2) Thus substances that 
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^ 1 




Fio 2 Frog ■ ftonudi nniide Stfamilatun by coutul cuncnt 14 voltf Ibr 10 Mooodt 
evoy 10 mmutet Upper curree let 3 oontractuu m nlnw >0 per cent of NiCI repUeed 
with NH 4 a 6th end 8th oontracttoni in 100 per omt NH«CI 7th uid OthGootncdau with the 
curat levmed gnote tbiCDoelar mke omtractioii (M « mitt end B - break oontnctiaii.) 
Lower corvoi let and 4th oootractioiu with the comat in the eaaie dhectkm 2nd and 3rd eon 
tractwai with the current m the oppoute duectioo the make oontnetiai hecnmee larger and 
the break imaller 



increase the make contraction, under such circumstances, will correspond- 
ingly decrease the break contraction With great increase m the make 
contraction the break contraction may be almost abolished (Fig 3) The 
properties of the make contraction are thme of the contraction produced 
by alternating current and those of the break omitraction are similar to those 
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Fio 3 Prog I itomach noude Contractioo bgr 14 voltt D C 10 lec Putt oontnctioa m 
toetylcholiiie (1 in 10*) the bteak oontnction u vtiy imitii The lecoad eontnction with the 
Gumnt nvcned The third oontnction it m Qrfr«m«w (i m 10*) 

of the potassium contraction (Singh, 1938 a) If the make contraction 
decreases, then the break contraction may mcrease, so that as the former 
vanishes, the latter alone remains Sometimes both the contractions are 
absent and only the third contraction is obtamed This produces a cunous 
phenomenon m that the muscle remains quiescent durmg the passage of 
the current, but contracts alter the lapse of a few seconds or mmutes Such 
a contraction is best observed if spontaneous contractions are absent The 
contraction is antagonistic to that produced by alternating current It is 
akin to the secondary contracture (Si^, 1938 a), or is possibly due to nerves 
(Suigh and Singh, 1947) This reminds one of the long latent periods of 
gastric or pancreatic secretion to vagus stimulation 

Effect of stmulation —Danag the beneficial effect of contraction, the 
make contraction mcreases, and the break contraction decreases To begm 
with, the muscle may be inexatable to make but may give a large response 
to break of the current Dunng fatigue the make contracuon decreases, 
and the break contraction increases Dunng both these phases, these con- 
tractions may be affected indentically This shows that dunng fatigue and 
the beneficial effect of contraction, factors arise which affect the two exat- 
abihties m the same and m the opposite direction respectively 

Effect of strength of stimulus —With some mcrease m voltage, at first, 
both the contractions mcrease, but thereaffer the make contraction mcreases 
at the expense of the break, so that with high voltages (4O-S0 volts DC), 
the break contraction may be abolished (Fig 4) The latter contraction 
may, however, reappear, if the response now begins to declme with mcrease 
m voltage Tlie above observationi suggest that some common factor whidi 
is probably ionic, u re^Mmsible for both the oontractiona, so that if it u 
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P to 4 Frog s ■tomich imucle Cootnctum by D C M « make coatnctioo, B bfMk 
c^actioo N - normal duncticm, R - revaaed directioo Nota that m Ibe lowest llfgn, in 
lha lUrteoath oaotractwa with 42 volu, the break coatiactioa haa been abduhed 

used more for the make contraction, less of it remains for the break eon* 
traction 

^gct of temperature —Tht optimum temperature for the make con^ 
traction is 25 to 30° C and that for the break contracUon 15 to 20° C Thus 
the break contraction belongs to the potassium group like the alternating 
current ofTccMitracture 

Effect of ions and drugs —The effect of following substances was tested: 
(1) Monovalent cations, Li, Na, NH«, K, H (2) Divalent cations, Ca, Sr, 
Ba. Mg (3) Monovalent anions, Br, NO|, I, SCN, CN. (4) Dni^ adr»> 
nahne, ac^cholme and csenne. The effect of these substances on the 
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make contraction resembles that on the contraction produced by altematmg 
current, and the effect on the break contraction, that on the potassium con- 
traction The effects of ammomura and potassium are mteresting If all 
the sodium of the sahne u replaced with ammomum or if 2(M0 per cent is 
replaced with potassium, then the make contraction disappears and only 
the break contraction remains, suggesting that the latter is dependent upon 
ions in the sahne All of the sodium may be replaced with potassium, and 
the muscle still responds to the break of the current (Fig S) This suggests 




no S Rog'i itomdi imade Stmulaban by D C 14 V/IO nc I Pint two e 
tMM ukh corm in oonnil ud ravwted dnctioo, 3rd coo t racocp by ■' 

I V/10 «e tor 4th, Sth nd Ah cootrsetMa m nlme wiUi 20 per q 

nptoBBd by potaanm (R m revened AnctioB, and N m nonnal dnetioa) n and m am 
■If aiphnalniT K - penentafe of potaaainni repiacaig lodiini of tha i ' 

7 ID U tta flMkn eoatmctioB k abnt 


that the ineKcitabihty m excess of ammomum and potassium is not due to 
rfnmage but to Bomc redistribution of ions m the muscle Hydrogen ions 
too (pH 5) produce a similar acuon Similarly all the sodium chloride of 
the can be replaced with oalaum and strontium chlorides; banum 
produces Dimilnr effect if 20 per cent of sodium is r^laced Magnesium, 
on replacing all the sodium chloride, and adrenahne (1 m 10^-10*) have 



216 


Inderjit Singh and Mrs Sunita Inderjit Singh 

Effect of polarity of current —The magnitude of the total response and 
that of the mdividual make and break contractions, vanes with the directions 
of the current The effect on the make and the break contraction is reci* 
procal If there is no appreciable difference between the responses when 
the current is reversed, it can be produced by altermg the lomc content of 
the salme either by replacing the s^um or the chlonde ion with some other 
ion, or altermg the total concentration of ions by altermg the sodium 
chlonde content of the salme Polanty may affect the response m the 
electrolyte^ree medium 

Effects of polar stimulation —On make and break of the current, contrao* 
dons occur both at the anode and the cathode the anodal contracdon at 
the make being smaller than the cathodal The properties of the make 
contractions are sumlar to those of the contracdon produced by alternating 
current, and those of the break contracdon are similu to those of the potas- 
sium contraction In excess of potassium, as the make contracdons dis- 
appears, the break contraction becomes powerful, the anodal contraction 
being the biggest If contracture is first induced m frog s muscle, or m the 
guinea pig's uterus, then mhibidon is produced instead of contracdon, the 
anodal inhibition at the make bemg greater than the cathodal Thus either 
inhibidon or contracdon may occur at the cathode or the anode on make or 
break of the current, this is in agreement with recent work on nerve (see 
Wiggers, 1944) 

Discussion 

The contracdon produced on break of the direct current depends upon 
two factors (1) Changa m the saline (2) The make response The miake 
and the break contracdons are affected reaprocally, so that if any substance 
IS added to the saline the break contracdon will be affected by change m 
the salme as well as by change m the make contracdon Hence the res- 
ponse IS rather irregular 

The break contracdon is similar to the altematmg current off-contracture 
It can be produced m the electrolyte-free medium, so the assumption that 
It 18 due to the leakage of ions from the fibres is justified It is also increased 
by ions outside the muscle fibres, so that it is produced by leakage of ions 
mto an outer zone (Sin^ 1944) 

The muscle may be inexatable to all forms of stimulation except that 
due to break of a constant current , this suggests that one of the factors that 
causes dimmudon m excitabihty is some rearrangement of ions This cannot 
be explained on the assumpdon that the mtenor of the muscle fibres is imi- 
form, and that they are surrounded by only one membrane 
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The fact that the contraction on make of the constant current, is anta- 
gonistic to that on break, is not explained by the current theories of excita- 
tion by constant current The fact that the response vanes with polanty, 
suggests that the membranes of the muscle are not equally permeable in 
both directions This would produce rectification, and so account for the 
sdmulatmg action of aUematmg current 

Summary 

(1) The properties of the contraction produced bv break of a constant 
currtnt aic similar to those cf the altcmatmg current off contracture , the 
make contraction resembles th-it produced by altcmatmg current 

(2) The muscle responds to break of a constant current when it may be 
inexcitable to all other forms of simulation, it may respond when all the 
sodium chlonde of the saline is icplaced with chlorides of lithium, immonium, 
potassium, calcium, magnesium and strontium or m acid solutions (pH S) 

(3) Magnesium and adrenaline abolish the break contraction 

(4) The response differs with polarity of the direct current, this sug- 
gests that the permeability of the membranes is different in the two direc- 
tions Stimulation by alternating current is probably due, therefore, to 
rectification 

(5) The make and the break contractions bear a reciprocal relation to 
each other 

(6) With polar stimulation, the results are very compheated , contrac- 
tion or inhibition may occur at the anode or the cathode on make or break 
of the current 
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Studies on the embryologv oe 

MICROCHIROPTERA 

Part I Reproduction and Breeding Seaaoni in the South Indian 
Veapertilionid Bat Scotopbilua wrougbtont (Thomas) 
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(.Lecturer In Zoology College of Scietiee Nagpur) 

Received March IS 1947 
(Conununicated by Prof M A Moghe f a sc ) 

(With Two PUteil 
Introduction 

This is the first of a senes of papers on the embryology of Microchiroptera 
It attempts to record the breeding seasons of one of the species of Insecti- 
vorous bats — Scotophilus wrougbtont (Thomas), collected at a place about 
18 miles from Bangalore (South India) The climatic conditions of this 
place do not vary much during the year, the place being in the tropical zone 
The present paper does not attempt to desenbe m detail the histological 
changes which occur m the reproductive tract of the bat dunng breeding 
and non-breedmg seasons This will be dealt with m a subsequent paper 
It attempts only to record the salient features of the cychcal changes as 
observed m different months of the year and other phenomena of special 
mterest in relation to the breeding habits of the bat The work was based 
entirely upon the collections of wild specunens smee the taming of these 
bats m the laboratory was found to be impossible Captivation and conse- 
quent domesucauon of these bats might have considerably impaired the 
normal sexual rhythm, and might thus have given misleading results 
Historical 

The subjea of the reproductive process of bats has engaged the atten- 
tion of many workers for over a century A review of the literature dealing 
with the reproduction of the Insectivorous bats has been made by several 
authors One such attempt was made by Duval (1895 a) who reviewed all 
the earher work Later a good summary of the hterature was given by 
Hartman (1933) Baker and Bird (1936) in a paper on the " Seasons m a 
Tropical Rain-forest (New-Hcbndes) Part 4 — Insectivorous bats” gave 
a short resume of the work done on the reproductive cycle of the Insectivorous 
bats At the time when Baker and Bud published their paper they were 
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almost the pioneer workers on the tropical species of microchiroptera 
Since then quite a large number of workers have desixibed the reproductive 
process m bats, not only of the temperate and cold climates but of the tropics 
also Particular mention must be made of the valuable work done by 
Hamson Matthews (1937) and Mary J Guthne (1933) on the European, 
South African, and Amencan bats Hamson Matthew's record of the 
breedmg seasons of the South African bats, though based on a very imperfect 
collection, gives a fairly clear idea of the sexual rhythm of the tropical bats 

Pagenstecher (1859) was almost the hrst to notice that there was some- 
thing peculiar about the breedmg habits of the bats Workmg on Pipis- 
trellus pipistrellus in Germany, he noticed that in winter the uterus of the 
female was swollen, and this swelling was due to the presence of live spermato- 
zoa, though there was no sign of a npe Graafian follicle in the ovary He 
naturally concluded that copulation occurred in the bat earlier than ovula- 
tion and the sperms were capable of bemg stored in the genital tract of the 
female for a fairly long time, throughout the winter 

Van Beneden (1875) also observed sperms in the uteri of bats, but con- 
cluded that fertilisation occurred immediately after copulation and the ferti- 
lised ovum remained dormant till the end of winter Emier (1879 a and b), 
however, confirmed the view of Pagenstecher and showed that in Pipa- 
trellus ptpistrellus and Nyctalus noctula copulation occurs late in autumn 
and the sperms hibernate during winter inside the uterine tract of the female 

Benecke (1879) and Fnes (1879), working on a number of species — 
Pipi^trelhs pipistrellus, Plecotus auritus, Vespertilio murmur, Vespertilio 
nathusn, Rhmolophus hipponderus, came to the conclusion that copulation 
occurred before hibemauon and the sperms lived m the uterus of the female 
throughout the winter and ovulation and fertilisation took place during 
early spring The young born m the summer do not copulate in the same 
season They thus believed that spermatozoa hibernated in the uterus of 
the female for a period of at least 4^ months 

Later, RoUinat and Trouessart (1895-97) published their classical work 
dealing with the reproduction of two difierent speaes of microchiroptera, 
Vespertilio murinus and Rhmolophus ferrum^quimm They clearly stated 
that sperms existed in a dormant state throughout the winter for about 4^ 
months, from October to the bcginnmg of Apnl, and ovulation and fertilisa- 
tion occurred at the beginnmg of spring 8-10 days after the bats ‘ awoke * 
from theu wmter hibernation Further their experiments with hibernating 
bats mdicated that if the * sleepmg ’ females were brought to a warm room, 
ovulatKm, and consequent fertilisation and pregnancy resulted 
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Grosser (1903) descnbed a very remarkable pheaomenon occurring 
in Nyctalm noctula, wherein copulation occurred very early — in July or 
August— and at the end of autumn the cervical canal was blocked by an 
increase in the amount of connective tissue and the sperms were thus stored 
up in the vagma Ovulation and fertilisation occurred at the end of March 
or in early Apnl when the genital canal was found to be free This pheno- 
menon which was not described in any other species proved beyond any 
doubt that copulation must have occurred early in winter or late autumn 
and fertilisation and pregnancy dunng spring and summer Such a blocking 
of the vaginal passage was not noticed in Vespertilio munnus or Placotus 
auritus 

A parallel instance has been recorded by Courrier (1927) m the males of 
Pipistrellus pipistrellm where he noticed that the testes had degenerated at 
the begmmng of winter leaving only the spermatogonia and sertoli cells, 
and the testes resumed activity only in the next autumn He had previously 
observed (1924) that in Pipistrellus pipistrellus, the utenne glands were active 
dunng winter and believed that the secretion of the glands acted as nounsh- 
ment for the hibernating spermatozoa Rendez (1929) working with Vesper- 
tilio munnus and Placotus auritus showed that m the miles the testcs did 
neither exhibit spermatogenetic activity during spring nor the epididymis 
contain any active sperms He also concluded that fertilisation occurred 
in spnng by stored sperms received dunng autumn copulation 

Harrison Matthews (1937) working on the British horse shoe bats— 
Rhinolophus ferrum-eqmntm and Rhinolophus hipposideros mmutus, con- 
clusively proved that copulation occurred m autumn and the spermatozoa 
stored through winter m the vagma fertihsed the ovum which was liberated 
m sprmg He wntes, “ The occurrence of the vaginal plug in the horse-shoe 
bats gives some evidence on this question in Rhinolophidre In specunen 
taken during the third week of Apnl the vaginal plug was still in position 
and exactly similar m all respects to that found m the bats up to that date 
In addition, there were present, as usual, spermatozoa in the utenne glands 
and Fallopian tubes The presence of the plug entirely filling the vagina 
showed that copulation had been impossible since that plug hardened m 
the previous autumn But the particular point of mterest was a large and 
well-developed corpus luteum in the nght ovary and the blastocyst was just 
puMing through the uterus The ovum must, therefore, have been fertilised 
fay one of the spermatozoa stored m the i^iper part of the gemtal tract and 
the spermatozoa must have been deposited in the previous autumn .. 
**Theae specunena show conclusively that in the Rhinolophid bats the sper- 
matozoa stored in winter can and do fertilise the ovum m spring, some five 
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months later ’’ This account of Hamson Matthews is conclusive enough 
But It 18 a matter of regret that the crucial experiment of keeping inseminated 
bats segregated until spring, and then examimng them for pregnancy was not 
done by him Furthn, he did not give any details regarding the condi- 
tion of the gonads and accessory structures in the males 

From the foregoing account it is evident that the view held by these 
authors is that copulation takes place dunng autumn and that the spermato- 
zoa are stored in the genital tract of the female till ovulation and fertilisation 
which occur in spring This observation would apply to Pipistrellus pipis- 
treUuSt NIctolus noctula, Plecotus anritus, Vtspertiho murmus, Rfunolophus 
fernan-equinum, and Rhmolophus hipposideros mmutus 

The other view that effective copulation, ovulation and fertilisation 
take place m spnng is equaUy strongly advocated by various workers with 
respect to the bats of the cold cbmates Some authors regard this as an 
exceptional phenomenon occurring either in those bats which have failed 
to copulate the previous autumn or in the young ones in the first year of 
sexual life But these researches have so far been confined to the temperate 
bats only 

Vogt (1881) was the first to notice the occurrence of non-pregnant 
females of Vespertilio murirm and Rhmolophus ferrum-eqmnum in sprmg 
He beheved them to have missed copulation m the previous autumn He 
does not mention if he observed spnng copulation normally occurring in 
these bats 

Rolbnat and Trouessart, though they categoncally deny sprmg copula- 
tion, still record the instance one male specimen of Eptesecus serotinus which, 
when brought to a warm room m early February, woke up from hibernation 
and tried to copulate Duval (1895) actually observed spring copulation 
though not under normal conditions Similar artificial mduction of sprmg 
copulation was conducted by Zondek (1933) and Caffier (1934) 

Hartman and Cuyler (1927) who worked out completely the life-cycle 
of Nyctmonm mexicama stated that sprmg copulation was the rule m these 
American bats They recorded the occurrence of sperms m the uterme 
tract of the female only m March and m no other season Soon after 
copulation, fertilisation and gestaUon followed as in any other mammal 
However, m a species of Myotis (sp) from the same loi^ty sperms were 
seen m the uterus of the female dunng wmter 

Apart from the observations of Hartman and Cuyler quite a large amount 
fX circumstantial evidence has been adduced by the siqiporters of sprmg 
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copulation theory in various species The conclusions were mauily based 
on a study of the male reproductive organs Fnes (1879) descnbed that 
throughout winter and spring the male genital apparatus was full of sperms 
and the accessory reproductive or^ns were in full swing of activity 
Coumer (1927) made a more detailed study on Pipistrellus pipistrelha and 
recorded that the mterstitial cells of the testes and the accessory sexual organs 
were m full activity during winter though the seminiferous tubules contamed 
no sperms but only spermatogonia md senoli cells Rolhnat and Trouessart 
had also observed the storage of spermatozoa in the epididymis and the 
bladder of the male during winter Nakano (1928) also recorded the storage 
of spermatozoa m the epididymis throughout winter There has, however, 
not been any conclusive proof that fertilisation occurred by the spermatozoa 
stored m the genital organs of the males during winter 

Caffier and Kolbow (1931), though they accepted the possibihty of 
fertilisation bemg effected by the spermatozoa received in autumn copula- 
tion, they made the startling discovery that the testes showed spermato- 
genesis not only in November but also in March m many speaes such as 
Pipistrellus pipistrellus, Plecotus auritus, Barbastella, Epteseeta, Myotis, 
Rhinolophus hipposideros, etc 

The only conclusive evidence in support of effective spring copulation 
was given by Mary J Guthne (1933) who observed the normal occurrence 
of only spring copulation m many species of North-Amencan insectivorous 
bats 

There is thus a vast amount of hterature available regardmg the breedmg 
habits of the msectivorous bats inhabiting temperate and cold clunates 
Unfortunately there is no complete account of the breeding cycle of the 
tropical species of microchiroptera and the little knowledge we have is 
denved only from records of pregnancy With regard to the copulahng 
season there is practically no information except for the casual observation 
ol the occurrence of visible secondary sexual characters in different seasons 
in the males of a few species of microchiroptera Braestrup (1933) recog- 
nised m two males of Charophon pumilus m tropical Africa a large crest 
of hair on the neck and back and that the scrotum was swollen This season 
varied at different places Thus no generalisation could possibly be made 
regarding the exact season of copulation and sex cycle on such meagre and 
casual observations 

A fairly clear account of the breeding seasons of Minioptena australis 
wu given by Baker and Bird (1936) They noticed that, " Conception m 
this speaes occurred m the beginnmg of September “ And the young 
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were probably born m the second half of December, and the duration of 
gestation is about 110 days" Further in the middle of August (11th) the 
examination of the uten for sperms gave negative results there being no 
sperms m the uten or utenne glands There was a large Graafian follicle 
with much liquor folhcuh in the ovary and there were signs of early meta- 
cestrus condition of the utenne glands The authors recorded that, " Pre- 
sumably insemination and ovulation would have taken place two or three 
weeks later” 

Their examination of the male specimens substantiated the results of 
the exammation of the female An abundance of spermatozoa in the 
epididymis was seen in July, August, and September From October on- 
wards there was a decrease m the spermatozoa and till May next the 
epididymis was practically empty They therefore observed, “ One sees 
clearly that copulation takes place about the end of August and the develop- 
ment of the embryo starts at once Copulation occurs at a time of the year, 
when the days are beginning to get longer and the temperature is rising, i e , 
in spring” "Thus Miniopterus australis falls mto the same category 
as Nyctinomus at Texas, which Hartmann and Cuyler (1927) showed to 
copulate only in the northern spring ” 

After the classical work of Baker and Bird there has been very little 
work on the tropical bats Harnson Matthews (1941) in his paper ‘ On the 
genitalia and reproduction of some South Afncan bats’ summarised that in 
the tropical speaes there was nothing comparable to the wmter hibernation 
of the temperate bats Only in the case of Miniopterus dasythrix be men- 
tions " Possibly that impregnation had taken place weeks, or even months, 
previously and that spermatozoa had been stored in both sexes as m some 
European bats ” However, in the " summary ”, he observed, “ for early 
in July the fmales were pregnant with only blastocysts, indicating matmg at 
a season corresponding with the earliest beginnmgs of the southern spring 
It IS of course possible that insemmation took place m the preceding autumn 
and that fertilisation or development had been delayed, as m some bats of 
the temperate regions, but it does not appear to be hkely because there is 
no evidence that this species hibernates " 

We thus see that though a great controversy exists regarding the exact 
seasons of copulation and feitihsation in the msectivorous bats of the tempe- 
rate and cold clunates, there seems to be entire agreement among thd workers 
on the tropical bats, that copulation occurs m early spring and is immediately 
followed by fertilisation and gestation 
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My study of the reproduction of the South Indian Vespertilionid bat 
Scotophilus wroughtom (Thomas) confirms the above view There is no 
storage and hibernation of spermatozoa 

Material and Methods 

Bats of this species were collected round about Bangalore from the 
forests of Hoskote (about 17 miles cast of Bangalore) Some were also 
collected at Senngapatam about 7S miles west of Bangalore This docs 
not alter the results of the work as both the localities conform to the same 
plan of breeding Siotophtlus wroughtoni is essentially an arboreal speaes 
living inside hollows of large trees A few excursions were made to the 
caves and dungeons near Bangalore and Senngapatam, but at no time could 
we collect a single specimen of this speaes though many other speaes were 
collected m large numbers Further, it appears that this particular bat is 
always found to live in association with two other speaes of insectivorous 
bats — Scotophilus temmtnki and Taphozoas longimanus, for all our collec- 
tion of bats included all the three species 

Scotophilus wroughtoni is a fairly large bat with a brown coloured belly 
and the back of darker hue The tail projects sbghtly beyond the mter- 
femoral membrane The bats hang down from projections inside the 
hollows of trees They were caught by using a net They are ferocious 
and are to be handled with care, as they bite otherwise 

The speamens were killed by chloroform and immediately dissected 
and the genital structures removed The carcases are all preserved in formalin 
for furlhei study The rcproduaive organs were fixed in various fluids 
But Bourn’s picro-fonnal gave the best results After fixation the material 
was transferred to 70% alcohol In the females the mammary glands and 
in the males the adrenal bodies were similarly fixed Serial sections of the 
ovaries, Fallopian tubes, the uterus and vagina were taken in all cases where 
there was no visible signs of pregnancy 

An account of the changes m the male reproductive and detailed 
histological astrous changes in the female will be dealt with m the 
next part 

Collections of bats began in the month of May 1945 and is still being 
contmued to the present day Attempts were made to collect as many 
tiniM as possible in all months of the year to complete the data regardmg 
the breeding habits 

Table I gives the record of the collection of the bats so far made. 
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Table I 

Scolophiha wroughtont (Thomas) Monthly record of collections 


Mon h 

Males 

1 

Femalea 

r efc an y ben ale 

Jinair; 

1 

1 

No pregnant 

Febr ary 

Ml h 

S 

2 

1 

4 

E rij mo uIb 

Apnl 

s 

40 

Early blastocysts 

May 

Jane 

4 

30 

A Ivanced pregnancy 

2 

2 

Full term 

Jal, 

Angmt 



Nod pregnant 

Stptember 

October 

1 

1 

1 

1 


November 


2 


December 

2 

17 



The above numbers do not probably indicate the sex ratio because in 
practically all our collections the females outnumbered the males One 
thmg worth recording is that during the months of January and February 
there were a greater number of males than during the other months This 
fact taken with the other things might probably indicate that during this 
period only do the males and the females live together while at other penods 
males hvc segregated from the females No definite generalisation is, how- 
ever, possible at this stage 

Observations 

(fl) Number of embryos in a litter — At each pregnancy there are two 
embryos, and each ovary shows a corpus luteum — a fact which is of very 
rare oocurreoce among the microchiroptera smgle embryos being the rule 
Two embryos were also observed in Scotophilus temminki Occurrence of 
double embryos was noticed by Ramaswamy (1933) in another Vespertiliomd 
bat, Vesperugo leislen (Kuhl) Haiyison Matthews (1942) states, “ One 
of the most interesting characters of the female genitalia in the microchirop- 
tera is the bilateral assymetry which occurs in varying degrees of inten- 
sity ” “ Most bats, except those of the family Phyllostomatidse, have a 

bicomuate uterus, but nearly always bnng forth only one young at a birth, 
consequently as a rule, only one uterine cornu is occupied by pregnancy 
It has been found m very many species of different families that there is a 
constant tendency for the nght side of the gemtaha to be the functional one 
In many European Vespertilionids, although pregnancy can occur on either 
side, the majonty of pregnancy has been found m the nght cornu” In 
Shtnilophus hipposideros he has shown that “ the left ovary appears to be 
degenerate and never to produce mature ova, the pregnancy being always 
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on the right side” (Matthews, 1937 a) I have also observed that in many of 
the species of microchiroptera that I collected there was always a single 
embryo in the uterus Thus, Scotophilus wroughtom differs from a majonty 
of the microchiroptera m having two embt >08 m the litter However, there 
IS one spcamen m my collection in which the left ovary shows two masses 
of corpora lutea and two unimplanted blastocysts in the left horn of the uterus 
but at different levels Probably double implantation never occurs in this 
species in the same uterine cornu, the ovum, before or after fertilisation 
moving into the other cornu for implantation even in those exceptional cases 
where double corpora lutea occurred in the same ovary llus surmise 
seems to be correct, because after the establishment of the placenta, there 
was no case where a double embryo occurred in the same utenne cornu. 
A similar migration of the ovum from the ovary to the opposite utenne 
bom for implantation has been descnbed as a normal occurrence in the case 
of Mimopterus dasythrix (Temm ) (Harrison Matthews, 1942) 

(6) The breeding scoyowr —Pregnancy records show that the female 
has a very sharply defined annual breeding season Pregnancy was observed 
only from the 22nd March upto about the end of June, and at no other penod 
was a pregnant specimen collected This seems to confirm the observations 
of Baker and Bird (1937) on Mmiopterus australis which ” presents a very 
sharply defined annual breeding season ”, where pregnancies occurred only 
dunng the months of September, October, November and December, and 
no pregnancy dunng the other months of the year This is also the case 
in all the species of temperate and cold climates so far examined by vanous 
authors Marshall (1922) states ‘‘ it docs not appear to be known whether 
the poly-astrous condition ever occurs in bats ” However, Ramaswamy 
(1933) observmg pregnant uteri m early January in Vesperugo leisleri (Kuhl) 
suggests, “ It is also possible that there is another season when these begin 
to breed ” ” It looks as though after a very short anastrum followmg 

the summer gestation the pro-OEStrous cycle again commences ending in 
the copulation of the females in cold weather " Harnson Matthews is the 
only other author to record a poly-ocstrus condiUon in Nycteris luteola 
(Thos ) and Nycteris hispida (Schreb ), wherein he observed pregnanaes in 
lactating bats and concluded, “ The quick succession of pregnanaes also 
pomts to the possibihty that this speaes, unlike all other bats as far as they 
are known, may bejpoly-oestrus ” But Scotophilus wroughtom without any 
doubt has only one annual breeding season 

(c) The testrut and copulation -The uterus which shows inactive ^ds 
u late as November suddenly springs to achvity m February, and the ^ands 
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hypertrophy with a definite increase m the vasculansation of the uterine 
submucosa (Fig 1) A very careful microscopic examination was made to 
detect the presence of spermatozoa but m specimens collected in November, 
December, January and February no sperms were seen m the uterus, vagina, 
or the Fallopian tubes The ovaries of the February speamens showed great 
activity and exhibited a large number of developing Graafian follicles (Fig 2) 
Ovulation does not certainly occur upto the 10th of February Examina- 
tion of specimens collected on the 24th of March clearly shows that ovulation 
not only has occurred but in all females early moruls were present These 
were lying loose in the uterine lumen Further the vagina showed large 
numbers of degenerating spermatozoa Another cunous fact noticed was 
that out of the twelve females collected on 1st of April all were pregnant — 
pregnancy being recognised only after careful microscopic examination of 
the uterus, and in all the cases the blastocysts were in the same stage of deve- 
lopment, lying loose in the uterine cavity (Fig 3) This fact clearly shows 
that fertilisation occurred in all the specimens at about the same period, 
if not on the same day This, taken along with the fact that the females 
collected on the 10th of February showed no spermatozoa, indicates that the 
period of copulation is also very sharply marked, and it roust have occurred 
between the 10th of February and the 24th of March Judging by the age 
of the morula on the 24th of March one can easily place the time of fertili- 
sation somewhere about the third week of March It is, however, not 
possible to clearly deade whether copulation occurs before or after ovula- 
tion because I have unfortunately no collection made durmg the 1st, 2nd, or 
the 3rd week of March But probably copulation might have occurred a 
day or two after ovulation because no sperms were seen in the Fallopian 
tubes while sperms were quite abundant m the uterine lumen in the specimens 
collected on 24th March There is no instance of a tubal ovum m my 
collection 

Pregnancy was noticed in all specimens collected between the months 
of April and June at progressively advanced stages The June embryos 
were far advanced m development, though not of full term. Parturition 
can safely be placed at the last week of June or the first week of July The 
period of gestation thus extends from lOS to 120 days 

In the whole of my collection there was no instance of pregnancy in a 
lactatmg female 

(d) Age and growth —All females captured dunng April, May and 
June were pregnant without a smgle exception This seems to be a very 
interesting feature, and Baker and Bird omit to make a mention of Uus. 
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Rollinat and Trouessart working on some of the Rhmolopbd bats observe 
“frequently the young females m their second year do not expenenoe 
oestrus, and consequently their first astrus does not occur until their third 
autumn’* These authors divided their material into four groups virgm 
animals in their first autumn, virgins m their second autumn, animals 
expenencing their first oestrus, some in their second and some m their third 
autumn and parous animals, some in their third and some at least m their 
fourth autumn’’ (Harrison Matthews, 1937) 

Harnson Matthews (1937) also records “Young bats do not reach 
their first oestrus until their second autumn when they are at least 1 S months 
old Parous bats will at least reach their second oestrus when they arc 12 
months older, and at least 27 months of age By the time when they have 
weaned their second young one they will be 34 months old ’’ He thus 
endorses the view-point ot Rollinat and Trouessart 

He also tried to determine the age of his specimens by their pregnancy 
records He says ‘ the present senes of specimens show clearly that both 
species of British horse-shoe bats normally do rear a second young one, 
and consequently must reach an age ol at least three years ’’ “ Further 

on purely theoretical grounds these bats must live to an age of at least four 
years, because each pair must produce more than two young in its life-time, 
to allow for wastage, it the species is not to become extinct Females must 
therefore produce at least three young each, and accordingly reach an age 
of four years ’’ 

Theorising on similar lines regarding Siotophilus wroughlom, as there is 
no non-pregnant female during the gestation season, i e , April to June, and 
also as there is no record to show that the bats might become pregnant during 
any other month of the year, as it is monastrous, the species must get into 
sexual activity in its first year and become pregnant Thus, before it has 
completed its one year of age, it will have given birth to young ones Further- 
more, the growth of the young one is very rapid as is indicated by the ovanes 
of the specimens collected in February That the non occurrence of non- 
pregnant females during the months of April, May and June, dunng 194S 
and 1946, cannot be an acadent It must be presumed that all females had 
become pregnant All these facts clearly indicate that the young bom in 
the month of July the previous year get mto sexual activity during next 
February and March 

Purely on theoretical grounds, and fitting with the conclusions of 
Hamson Matthews, these bats must produce at least three young ones eadi, 
to perpetuate the race, and hence must at least hve for two years As this 
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particular species under study bears two young ones m each litter it is quite 
possible the bat becomes pregnant at least twice in its Iife-time Further, 
there is no indication to show that the bat had become pregnant more than 
twice as revealed by the residual placental discs This taken along with the 
fact that the bat experiences an annual breeding season indicates that it must 
live for atleast two years and that it may not become pregnant a third time 
Furthermore, Anderson (1917) states that the length of the penod of imma- 
tunty will, as a general rule, m some vague sort of way, enable us to form 
an opinion of the normal age the individual is destmed to obtain, a mammal 
which quickly becomes full grown will probably have a rather short senes of 
years to live as adult, and vice versa ” Anderson places the age of the bat 
Rhmolophus rouxi “ at five or six years as the extreme possible age of the 
bats’*, as calculated from their tooth-wear Taking all these things into 
consideration Scotophilus wroughtom does not probably live as tong as 
lOiinoIophus rouxi, or the British horse-shoe bat, which are supposed to 
have a longevity of about four and a half to five years but might live, without 
doubt, up to about three years and probably not more A more clear and 
definite figure will be arrived at by examuung the tooth-wear on the same 
lines as Anderson did, which will be shortly undertaken 

Conclusions 

Two very important facts are recognised by the study of the reproductive 
phenomena in Scotophilus wroughtom In the first place, there is a very 
sharply defined breeding season confined to about the middle of March, 
and secondly all the females collected durmg the months of April, May and 
June are pregnant In an unvaryug tropical clunate the occurrence of an 
annual moncestrous condition is by itself remarkable, and much more so 
in the case of a bat which is confined to the hollows of trees— considermg 
the non-condiictiviiy of the wood to temperature, and thereby living under 
an almost constant environmental condition throughout the year Baker 
and Bird (1936) also make a similar discovery in the bat; of New-Hebrides 
and come to an identical conclusion The seasonal chwge in the tempe- 
rature alone docs not probably determine the onset of the breeding activity, 
as was supposed by a few of the early workers on the bats of temperate and 
cold climates Furthermore, too mudi stress cannot be laid on the factor 
of light and of the lengthemng of the day, considering the fact that the bats 
are essentially nocturnal creatures. Unless experimental data is available 
regarding the influence of light on the breeding habits of bats, this conclu- 
siem cannot be accepted at presoit. 



Studus on the Emhryology of Murochiroplera — / 231 

As copulation is immediately followed by fertilisation and gestation 
the problem of winter hibernation of the spermatozoa, as occurs in the bats 
of cold climates, becomes unnecessary 

Summary 

1 A study of the literature m the reproduction of bats reveals that 
there are two types of sexual phenomena exhibited by bats, some bats 
experiencing a defimte hibernation durmg winter after copulation in autumn, 
and others where copulation is immediately followed by fertilisation and 
gestation in spnng The bat Scotophilus wroughtoni does not show any 
evidence of a winter “sleep” and thereby falls into the second category 

2 Scotophilus wroughtoni has a sharply defined breeding season, 
copulation occurring at about the middle of March and followed unmediately 
by fertilisation and gestaUon 

3 The period of gestation is about lOS to 115 days 

4 The age which this bat attains, as determined by its pregnancy 
records, may safely be placed at about three years 
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on this date show bldstocvsts in the ssme stage of development 


UNDESCRiBfiD Males of two Species of 

GALL MIDGES* 
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(Coflununicated by Prof SOM Ramanujam r a sc ) 

Thf present paper deals with the descriptions of males of two species of 
Indian gall midges (ItonididjB Diptera) Both the species were first de- 
scribed from female specimens collected by the author from Travancore, 
the following descriptions are based on males collected on subsequent dales 
The Allotype males are to be deposited in the Zoological Survey of 
India, Benares Cantt 

Trichopteromyta Mann Nayar 

The author first described the species (Nayar, 1944) Horn female midges 
collected at hght Irom Trivandrum The following is a description of the 
male collected from Trivandrum on a later date at light 

Male—0 6mm long, brownish-rcd byes confluent above Palpi 
quadnariiculate, as in female, scaled, basal segment cylindrical, shortest, 
terminal segment longest, ovate, more or less pointed distally Antennse 
with fifteen segments, bcanng whorls of long set®, structure more 
or less similar to that of the female, first segment broadest, hemi- 
spherical, the rounded portion attached to the head , second segment globose, 
slightly compressed, its diameter three-fourths that of the broad end of the 
first, the attachment to the basal segment at an extra-central point, third 
a little less in diameter than the second, the stems increasing m size distally. 
thirteenth segment with a stem as long as the thickness of the third, the 
enlargement one-third as long as the length of the segment, fourteenth 
Sbgment with a button-like process representing the fifteenth segment, the 
enlargement more than two and a half tunes os thick as the fifteenth 
Mesonotum smoky brown Wmgs hyahne, as m the female Halteres 
blackish brown Legs smoky-brown, moderately hairy, hindlegs longest 
Claws simple, as long as the empodium Abdomen reddish and dark scaled 
Gemtalia small, basal blasp segment cylindrical, oblong, three-fifths as 
broad as long, terminal clasp segment small, stmg-likc, oblong-ovoid. 


* Part of theaa approved for tha Ph D degree of Travancore Univenity 
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sbghtly longer than the breadth of the basal clasp segment with a pm lik6 
pomted tip slightly hairy style small rounded at tip about as long as the 
basal clasp segment 

Type locality Trivandrum Collected at hght on vanous dates m 
June 1944 

This speaes differs from the genotype Trichopteromyia modesta WiUiston 
in the smaller size of the body the quadnarticulate palpi and the antennal 
characters 

Prolastoptera aschynanthus perottetti Mani 
Mam (1943) descnbed the species from female specimens bred by me 
from stem galls on Aeschynanthus perottetti A Dc from Pampadamparai 
Hills m the High Ranges of Travancore Subsequently I was able to rear 
males also The followmg is a descnption of the male 

Male 2 mm long brownish Palpi as in the female Antenns 
incomplete similar to that of the female third and fourth segments fused 
together Mesonotum dark brown Wings and halteres as m the female 
Abdomen comparatively stout Gemtaha (Fig 1) small basal clasp seg 



Flo I Male geoiUlia of Proltuloplera gsdiymthia ptmltttti Mam 
be baial claip tegment dp donal plate ityle u termnial daap eegmeiit 

ment oblong its length slightly less than double its own breadth terminal 
clasp segment roughly round^ at its jomt with the basal clasp segment, 
malleiform with fairly serrated and moderately chitinised tip length about 
two-thirds that of the basal clasp segment broadest part about one third its 
own length, style as long as the basal clasp segment, dorsal plate deeply 
cleft and truncated distally 
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Type locality Pampadamparai Hills m the High Ranges of Travancore 
Reared from stem galls on Aeschynanthus perottetti A Dc , m August 1944 
This species is easily distinguished from the other Indian species 
Prolasioptera annandalet Mam, by the longer body and the twenty-one seg- 
mented antenns 

Nayar (1945) descnbed the stem gall on Aeschynanthus perottetti A Dc , 
from which the midges were bred A leaf gall has also been collected by 
him on the same plant, from Pampadamparai Hills and is believed to be 
produced by the same midge I give below the description of the gall 
Leaf gall — 16 mm long, S to 9 mm across irregular, green with a 
violetishbrown tinge, soft, succulent, somewhat granulated inside, hypo- 
phyllous, with a number of larval chambers inside 
Locality Pampadamparai Hills 
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I Introduction 

Pedalinec is a very small family of annual and perennial herbs, distnbuted 
mamly m the eastern tropics Bentham and Hooker (1885) record only 
two genera m India, Pedalium and Sesamum Martyma which is also m- 
cluded m this family is reported to be an American weed mtroduced mto 
India 

The genus Pedaltum is represented only by a single speaes, Pedalium 
murex Lmn which grows wild m waste lands of South India The genus 
Sesamum is represented by both perennial and annual speaes Bentham 
and Hooker (1885) have recorded only three Indian species of Sesamum, 
Z36 
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SesamuM orientale Linn and Sesamum prostratum Retz, and Sesamum 
lacmiatum Klein Among these Sesamum orientale is in annual whereas the 
other two species are perennials Sesamum prosit anon grows wild on the 
sand dunes near about the shores of Madras while Sesamum lacmiatum 
thrives on the barren rocks of the Dtccan hills 

Little cytological and cytogenetical data have been recorded for the 
two genera, Pedaltum and Sesamum The genera Pedahum and Martyiua 
have been investigated cytologically and cytomorphologically in this labo- 
ratory as part of the extensive cytogenetical investigations in the family 
Pedalinea (Snmvasan, A R , 1942) The chromosome number of Pedaltum 
murex Linn was determined to be 2n 16 and its Iife-bistory was worked out 
with special reference to the development of the endosperm baustona in the 
female gametophyte The species Martynia diandra Glox, which grows 
wild in these parts, was also mvestigated and its diploid chromosome number 
was determined to be 32 

According to Schnarf (1931) the genus Sesamum has been investigated 
with reference to the occurrence of endosperm baustona, by Balicka 
Iwanowska (1899) 

Monnaga et al (1929) determined the somatic number of Sesamum 
orientale (2n 26) Nobara (1934), Richhana and Suguira (1936) have reported 
the meiotic number of the same species {Sesanmm orientale) to be 13 The 
present cytological investigation goes to confirm the numbers previously 
recorded 

The perennial species Sesamum prostratum has never been investigated 
cither cytologically or cytomorphologically till recently when its meiotic 
number was determined to be 16 by Ramanujam (1941) This number 
has been confirmed in the present investigation 

While cytogenetical investigation in this laboratory had proceeded more 
than half way through, a short note appeared in Current Science recording 
some data in respect of hybridisation between the cultivated and wild species 
of Sesamum (Ramanujam, 1942) 

In the course of the present investigation the chromosome number of 
Sesamum lacmiatum Klein, another wild species, was determined for the first 
lime in this laboratory to be 2n 28 (Raghavan and Knshnamurthy, 1945) 

Interspecific hybridisation between Sesamum orientale and Sesamum 
prostratum has been in progress for some years now in this laboratory and 
the sterile hybrid derived therefrom was made fertile artificially by the mduc- 
Uon of amphidiploidy, through the application of Colchicine The cytology 
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of the sterile hybrid, its meiotic irregularity and the ultimate formatioa of 
abnormal sporads are detailed m this paper The regular meiosis of the 
fertile hybrid after the artificial mduction of amphidiploidy has also been 
included 

n Maieruls and Method 

Crops of Sesamum orientale belongmg to the local red'Seeded stram 
were raised from time to time in the Umversity Botamcal Gardens, Anna- 
malainagar Seeds of Sesamum prostratum were collected from vanous 
locahties, especially from Adyar beach, Madras and Coimbatore Seeds 
were sown in small pots and were kept in a warm room where they germi- 
nated early Root tips from Sesamum orientale were available withm 60 
hours after sowing whereas those of Sesamum prostratum could be obtained 
only after 5 or 6 days 

Good root tips of the parents and the hybrid could easily be obtained 
without mjunng them since they were sown only on the upper layer, just 
below the soil Vanous fixing fluids were used and fixmg was done at vanous 
mtervab of time Maximum mitotic activity was observed at mid-day 
The fixatives used were Karpechenko’s modification of Nawaschm's chrome- 
acetioformalm, Irene Manton’s modification and Muntzmg’s formula Of 
these fixatives, Irene Manton’s modification proved to yield good results 
Prefixation in Camoy’s fluid was done m all cases to aid proper fixation. 

Flower buds were fixed at vanous hours of the day Here also mid-day 
fixing showed good results Irene Manton’s formula was used Materials 
were imbedded in paraffin of meltmg point 52° C usmg chloroform as the 
paraffin solvent. 

Sections were cut at thickness varying from 12 to 15 microns and stamed 
m Newton’s lodme Gentian Violet and Haidenham’s Iron Alum Hama- 
toxyhn (Chamberlain, 1932). Right stages of anthers were detemimed before 
fixmg by aceto-canmne examination Drawings were made at table level 
using Abbe drawing apparatus and their respective magnifications are 
indicated 

III Cytolooical Observations 
(a) Sesamum onentale Lmn 

Somatic chromosomes —Fig 1 shows a somatic metaphase plate of 
Sesamum onentale with 26 chromosomes thus confirming the previous record 
made by Monnaga rr al (1929) There is no disparity in the size of the 
chromosomes in the somatic complement Almost all the chromosomes 
would appear to be charactensed by terminal centromeres An analysis 
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of the chromosome complement on the basis of their morphology was not 
therefore considered useful and hence not attempted 

Mtcrosporangial development — ^The archesponum of the anther con- 
sists of groups of S or 6 hypodermal cells in the four comers of the anther 
as seen m Fig 2 Multicellular archespona are by no means uncommon 
In the closely related genus {Pedahum, such extensive archespona have been 
recorded (Snmvasan, A R , 1942) They have also been found in the 
genus Nicotuma (Raghavan and Snmvasan, A R , 1941 a) 

To begin with, the single row of archesponal cells (Fig 3) divide pen- 
clmally resulting in the formation of two layers of cells, outer forming the 
primary panetal cells and the inner pnmary sporogenous cells (Fig 4) In 
the mature anther, the parietal tissue consists of four or five layers, the mner- 
most of which functions as the tapetum (Fig S) 

It is interesting to note, in this connection, the behaviour of the tapetal 
nucleus To start with, the tapetal cells are uninucleate and contain dense 
cytoplasm (Fig 6) At a later stage, the nucleus of the tapetal cell shows 
signs of division resultmg m the formation of two nuclei (Fig 7) Division 
of the tapetal nucleus takes place even before the nucleus of the pollen- 
mother cells enters into the early stages of meiosis After the division, two 
nuclei are formed within the same tapetal cell, which, after some time, come 
together Fig 8 shows two nuclei after division Tn most cases, it has 
been observed that these two nuclei of the tapetal cells do not remain sepa- 
rate, but that they tend towards fusion Fig 9 shows a big bmucleate tapetal 
cell showing the fusion of the two nuclei There are stages when more than 
two nuclei are formed by repeate4 division and ultimately fuse with one 
another resultmg in a tapetal cell with the nucleoli of all the nuclei so fused. 
Thus m Fig 10 we find that there are S nucleoli within the single nucleus, 
thereby that the nucleus of the tapetal cell has divided giving rise 
to S daughter nuclei all of which have fused together to form the five-nucleo- 
lated nucleus Cooper (1933) recogmses three types of tapetal cells (1) m 
Which the tapetal cells remain umnucleate, (2) in which they are bmucleate 
and (3) m which they become plunnucleate The present case in Sesamum 
orientale belongs to the third type described by Cooper Such plurmucleate 
tapetal cells have been a common feature m many of the angiospermic genera 
mvestigated In Gynadropsis (Raghavan, 1938), in Chenopodium (Bhaigava, 
1936), m Portulaca (Raghavan and Snmvasan, A R, 19416), m Astercantha 
(Rangaswamy. K , 1941) and m Crescentic (Venkatasubban, 1944) they have 
been observed to occur 

The divuion of the tapetal cells has been found to be mitotic m this 
species (Fig 7) It was at one time believed that the division of the tapetals 




FK» 1>Z7 



241 


Cyto^eneltcal Studies tn Stsamum — / 

Tut Fm 1 27 Melosis in Sewmiim arientale Urn — Fif 1 Somatic complemeBt of 
Sewnaim onmtale ihowmg 26 chromoaomei Fig 2 Secuon of a very young anther ahowmg 
the hypodernul bond of anteponum y 150 Fig 3 A band of primary archeaponal cells 
X 150 Pig 4 Division of the orchcsporial cells x primary wall cells and pnirwry aporogenous 
layer xlSO Fig 5 Mature anther showing five wall layers the innermost fonnmg the 
Upetuffl X ISO Figs 6-10 Tipetal cells shovrmg stages of nuclear division and fuaion x400 
Pig 6 Bmucleate tapetal cell Fig 7 Mitotic division of the nucleus Tig 8 Unmucleate 
tapetum Fig 9 Fusion of the two nuclei in a single clU Fig 10 Cell showing 5 nucleoli 
withm a single nucleus Fig 1 1 Degenention of the tapetal hyer at the pollen gram stage 
Fig 12 Resting nucleus of pollen mother cells showmg the buddmg off of spherical bodies 
xlOOO Fig 13 Dialunesii showmg n bivalents <'1000 Fig 14 Prometaphose The 
persistent nucleolus is towards the one side of the cell x 3 000 Figs 1 5 and 16 Metaphase groups 
showmg 13 bivalents in secondary sssociation 1, 4 and 2, fhe peisistent nucleolus is away from 
the equatorial region x3 000 Figs 17 and 18 Anaphase separation with the persistoit n ideolus 
going ahead of the chromosomes F i, 19 Interphase nuclei with the persistent nucleolus towards 
one side Fig 20 Metaphsse 11 showing 13 ^romosomes and the separately lymg peiaisteot 
mdeolus Fig 21 Spindles of Anaphase II suge lymg parallel Fig 22 Spmdles of Anaphase 
n stage lymg at right angles Fig 23 Pollen mother cell shovrmg 3 of tcloidiase nuclei lying 
■n one focus and the fourth m another Fig 24 Pollen mother cell showmg 4 telophase nuclei 
all lying m one plane The persistent nucleolus is m the middle Fig 25 retrahedral type of 
tetrad on the process of furrowing The penment nucleolus is included in one of the tetra cells 
Fig 26 Isobdaterel tetrad celb arranged in one plane Fig 27 Two-celled pollen gram at the 
time of sheddmg All figures have been drawn at a magn ficatioo of Co 3 000 unless otherwlae 
stated 


nucleus is amitotic Rocen (1927), m Portulaca, and O’Neill (1920), m Datura 
But that It IS through ordinary imttMis has been observed critically and con 
firmed by Raghavan (1938) m connection with his investigations on Gynan- 
dropsu In several other genera invNtigated m this laboratory, mitosis was 
found to be the rule It would thus appear safe to generalise that tapetal 
nuclear division is through mitosis 

Meiosis — ^The microsporangial tissue consists of a smgle row of five 
or six microsporc mother cells (Fig S) 

In the resting condition of the nucleus of some of the pollen mother 
cells, in addition to the big darkly stained nucleolus, small b^es suxularly 
stamed but smaller than the nucleolus have been found to occur (Fig 12) 
In one and the same loculus of the anther, some pollen mother cells show 
these bodies while m others they are conspicuous by their absence Similar 
bodies have been recorded in the pollen mother cells of \^ous genera, viz , 
in Oryza (Nandi, 1937), m Hibiscus mutabilis (Majumdar and Datta, et al , 
1934), m Cicer anetmum (Iyengar, N K, 1939) and m Oenothera 
rubruiervls (Gates, 1908) Most of them regard these spherical bodies as 
extrusions from ^ nucleoli and consider them to be mtermediate stages 
during the transference of ohromaUn materud from the nucleoh to the 
ohromoaomes. 
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These bodies persist throughout the stages of meiosis right up to the 
tetrad stage and they have been observed to be included in one of the tetrad 
ceUs (Fig 26) 

The possibility of these bodies being chromosomes or their fragments is 
ruled out for the following reasons namely (1) they do not take up any parti- 
cular position with respect to the cell and are apparently not attract^ by 
forces of attraction or repulsion which are presumed to be responsible for 
the chromosome movements observed during nuclear division, (2) they are 
perfectly spherical in shape and homogeneous in structure, (3) they do not 
undergo any change in their shape or size during meiosis , (4) they are larger 
than the bivalents or chromosomes at any stage during meiosis, though they 
are smaller than the prophase nucleolus That these bodies are nucleolar 
in origin has been confirmed by positive evidence also The spherical bodioa 
get stained to the same extent as the nucleolus itself These bodies seem 
to bud off from the big prophase nucleolus (Fig 12) and at various stages, 
the connection of these bodies with the big nucleolus has been observed 
clearly Kumar and Abraham (1942) on their observation in Sesamum, 
call these bodies secondary nucleoh. a name suggestive of their origin 

The behaviour of these spherical bodies during meiosis is indicated 
at the different stages thereof In some cases, these bodies were not to be 
found in the tetrad cells It is beheved that they disappear in the cytoplasm 
of the pollen mother cells when the tetrads are forming Probably in most 
ca sM they disappear from the scene failmg which they are mcludMl in one 
of the tetrad cells 

At diakmesis, the 26 chromosomes of the somatic complement are 
seen to form 13 bivalents (Fig 13) These 13 bivalents are mostly 
of the rod type They are distnbuted on the penphery of the nucleus All 
the pairs are dispersed at equal distance from each other This equidistant 
spacmg of the bivalents, according to Lawrence (1931), is due to a repulsion 
phase which begms at early diakmesis and contmues till mid*diakmesis 

The converging movement of the bivalents begins at mid-diakinesis 
and contmues until the bivalents are m close association m the centre of 
the nucleus The mam nucleolus dis^pears though the nucleolar bit 
persists m the form of a spherical body, a httle away from the clumped mass 
of bivalents (Fig 14) 

First metaphase follows prometaphase The 13 bivalents are arranged 
on the equatorial plate and are evenly distnbuted unhke m the case of the 
stenle hybnd where they are scatter^ The bivalents exhibit secondary 
association, frequently resulting m a number of groups The maximum 
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assoaation observed is Ij, 4, and 2i, thus bringing the total number of 
groups to 7 Probably this would suggest that the origmal basic number 
of the genus is 7 Based on this suggested basic number, the possible ongin 
of the cultivated species has been discussed at the end of the paper Figs 15 
and 16 show the metaphase plate exhibiting the phenomenon of secondary 
association It may be noticed that the persistent nucleolus now takes up 
a position away from the dividing bivalents This would naturally indicate 
that It does not get itself involved m the division of the bivalents and this 
rules out the possibility of its being chromosomal m nature 

After the metaphase stage, the chromosomes are subjected to anaphasic 
separation Anaphase, in this case, is quite normal and the chromosomes 
disjoin with marked uniformity The persistent nucleolar body, which u 
lymg away from the equatorial plate durmg metaphase, is now to be seen at 
one of the poles Presumably it has already gone ahead of the chromosomes 
towards the poles Figs 17 and 18 represent the normal anaphase sepa> 
ration and the persistent nucleolus lying at one of the poles 

At each pole, after anaphase, the chromosomes arrange themselves m 
groups and organize themselves into the interphase nuclei (Fig 19) Now 
the nucleolus makes its appearance at both of the mterphase nuclei The 
chromosomes are more or less uniformly spaced Such umform spacing 
of the chromosomes in the first telophase nucleus has been recorded in 
Angelonia (Raghavan and Snnivasan, V K , 1940), in Oenothera (Gates, 
1909) and in Gynandropsis (Raghavan, 1938) Gates attributed the uniform 
spacing of the chromosomes at interkmesis to a mutual repulsion, and the 
clumpmg at early telophase, due to attraction But the " medium in which 
bodies float frequently change their qualities of attraction and repulsion 
and it appears that the repulsion first develops after the appearance of the 
karyolymph in which the chromosomes float ” No partition wall is formed 
between the daughter nuclei nor is the resting stage reached by the mter- 
kuesis nuclei (Fig 19) The persistent nucleolus in some of the cells at 
this stage occupies a place towards the side of the pollen mother cell while 
m some cases they were found near one of the telophase groups (Fig 19) 
When second meUphase sets in, the mterphase nuclei at either pole 
lose thar nuclear membrane and their nucleoli The persistent nucleolar 
body IS not involved in it (Fig 20) At this stage the 13 haploid chromo- 
somes are seen arranged uniformly at the poles 

The second metaphase chromosome undergo normal disjunction and 
they reach the poles without exhibiting any irregular phenomenon like 
bndge formation or fragmentation Figs 21 and 22 show the second ana- 
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phase stage and the persistent nucleolus may be seen on the spindle fibres 
of one of the anaphase sets Here also there is an indication by its mere 
position at the poles that it precedes the chromosomes The possible causes 
for the migrauon of the nucleolus to the poles ahead of the chromosomes 
have been discussed further below 

The orgamsation of the spindle during anaphase separation may take 
place in two ways In some cells, the spindles he parallel to each other as 
in Fig 21 In others, they lie at nght angles to each other so that in one 
focus, one anaphase group will show the side view of the chromosomes while 
the other will show the polar view as in Fig 22 The nature of the tetrads 
will obviously depend upon the position of the spmdles dunng anaphase 
If the spindles are parallel then the four telophase nuclei he m the same plane 
(Fig 24) leadmg to the formation of iso-bilateral tetrads (Fig 26) If they 
are at right angles as m Fig 22 and 23 then the arrangement is tetrahedral 
(Fig 2S) Both the types of tetrad arrangement have been noticed in 
Sesamum orientate The persistent body at this stage is found to be mcluded 
in one of the tetrad cells (Figs 25 and 26) Simultaneous furrowmg takes 
place dunng the formation of the tetrad from the penphery towards the 
centre Fig 25 shows a stage m the process of furrowing Due to the 
simultaneous furrowmg all the four tetrads are organised simultaneously 

The pollen gram at the sheddmg stage shows a crescent-shaped gene- 
rative cell and a small tube cell (Fig 27) The pollen grams are uniform m 
size and their wall shows ridges and furrows All the grams are viable and 
germinate rapidly m sugar agar cultures Plate I, Fig 1, shows a micro- 
photograph of the pollen grams of Sesamum orientate 

(6) Sesamum prostratum Retz 

The somatic complement is made up of 32 chromosomes (Fig 28) They 
are uniform showmg no dispanty in size or morphology All the chromo- 
somes of the somatic complement show terminal constnction 

The microsporangial development and the general outline of meiosis 
conform to the details already descnbed for Sesamum orientate The tapetal 
nucleus and its behaviour is also sumlar to that of Sesamum orientate 
Fig 29 shows three tapetal cells in the process of division In the first cell, 
anaphase has just set in In the second cell, the chromosomes have separated 
and are reaching the poles In the third cell, two nuclei have ready formed 
These figures confirm the mitotic nature of the division of the taprtal cell 

Almost all the pollen mother cells, m their resting condition, show the 
peculiar phenomenon of nucleolar budding (Figi 30 a to /) The nucleolar 
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buds so formed vary m number and it is found that within a pollen mother 
cell, m some cases as many as 7 buds were seen (Fig 30 f) But these buds 
have not been found to persist as in the previous species through mciosis 
Further mtiotic stages are normal Fig 31 shows first metaphase plate 
showing 16 bivalents 

(f) Sterile Hybrid 

The diploid complement of the F^ hybrid shows 29 chromosomes 
(Fig 32) Somatic cells of the root tips and of flower buds were examined 
for purposes of confirmation Of the 29 chromosomes 16 are derived from 
the prostratim parent and 13 from the orientate parent Since the parental 
complements showed no morphological disparity among themselves no 
morphological distinction between these two sets ot chromosomes could be 
recognised in the hydnd complement 

Meiosi^ The origin and development of the microsporangium, tapetal 
behaviour, etc , present no deviation worth any special mention There is 
also the same nucleolar budding which was a characteristic feature of both 
the parents As many as seven bodies could be seen m the P M C of the 
restmg stage It is, however worthy of note that these bodies persist no 
further In this respect the hybrid seems to resemble the prostratum parent 
for, in orientate, these bodies persist n^t up to the end It seems probable 
that persistence of the nucleolus is a Mendelian recessive The hybnd shows 
m some characters, resemblance to the prostratum parent a Mendelian domi- 
nance Non-persistence would appear to be dommant to persistence 
Hence we find the hybrid showmg non-persistence Full details regardmg 
inheritance of characters by the hybrid are given in a separate paper 

During diakinesis only a few chromosomes pair while the others remam 
as umvalents The bivalents and the univalents are arranged penpherally 
around the nucleolus (Fig 33) The most frequent number of bivalents 
met with based on an cxanunation of a large number of pollen mother cells 
18 eight 

After diakinesis, the prophase stage sets in when the bivalents and 
umvalents appear clumped al the centre of the cell (Fig 34) The nuclear 
membrane disappears at this stage and along with it the nucleolus This 
stage comes to an end when the spindle fibres make their appearance 

During Metaphase 1 the chromosomes separate and unlike m normal 
meiosis. the chromosomes fail to arrange on the equatonal plate The 
bivalents and the univalents are scattered on the spindle The most 
frequent arrangement is for the bivalents to occur at the equator and for 
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TextFkii 28-47 — Fip 28 21 Afeuuu In Seaamum prostratum Fig 28 Somatic pbte 
Of Sesamwn prostratum ihowing 32 chromoiomei Fig 29 Three upetal celli showing 
mitotic division x400 Fig 30 Restmt nudeus of the P M C showing nucleolar budding in 
various degrees x400 Fig 31 Metaiihaie I polar view showing 16 bivalents Figs 32-47 
Mttosu III the itenle hybnd Fig 32 Somatic comptemenl showing 29 chromoaomei Fig 33 
Diakmesis showmg bivalents and univalents Fig 34 Promeuphase showing clumped chromo 
somes Figs 33 38 Metaphase I showing bivalents and the univalents scattered The Invalents 
are at the equatorial region while the univalenU are nearer the poles Fig 39 Metaphase I 
showing 8 bivalents I trivalent and 10 univaienU Fig 40 Metaphase I showing 9 bivalents, 

I tnvalent and the rest univalents Fig 41 Anaphase I Irregular dmunction of the diromo 
tomes Figs 42 and 43 Univalents and bivatenU lagging in the spindle durmg anaphase 
Fig 44 Formation of chromosome bndges durmg anaphase I P g 43 Interphase nuclei show 
mg two cells having unequal number of chromosomes with the lelt out univalenU m the cytoplasm 
of the P M C Fig 46 Meuphasc II with unequal number of chromosomes Fig 47 AnaiAase 

II with the usual lagging chromosomes All figures have been drawn at a magnification of Ca 
3 000 unless otherwise stated 

the univalents to be scattered at the poles (Figs 35, 36, 37 and 38) Fig 39 
shows 8 bivalents, 1 tnvalent and 10 univalents Fig 40 shows the 
metaphase side-view r^resenting 9 bivalents, 1 tnvalent and the rest 
univalents 

There seems to be some relationship between the degree of synapsis 
and the arrangement of chromosomes in the equatorial region In all cases 
where weak painng is exhibited by the chromosomes this scattered condi- 
tion prevails Many cases of haploidy have been ated to show that 
asynapsis and absence of a regular equatorial plate at Metaphase I, 
go together Haplonts of Nicotuma Tabacum (Chipman and Goodspeed, 
1927) and Nicotiana glutinosa (Goodspeed and Avery, 1929) were observed 
to show this feature Catcheside (1932) recorded such a behaviour m a 
haploid Oenothera and states in that connection that “ many of the chromo- 
somes have never been at the equator of the spindle, but have a defimte bias 
towards one or the other end of the poles ever since diakmesis ” Humphry 
(1934) has reported such cases m haploid tomatoes Many examples of 
inter^eciflc hybrids m the genus Nicotuma may be cited to show this pre. 
wiling condition of scattered arrangement of the chromosomes, Nicotuma 
sylvestruy, Nicotuma tomentosa (Goodspeed and Clausen, 1928), Nicotuma 
bigelovu X Nicotkma solamfolia and Nicotuma Tabacum x Nicotuma rustica 
(Goodspeed, 1934), Nicotuma glutmosa x Nicotuma Tabacum (Raghavan and 
Snmvasan, A R , 1941 a) 

Thus during first metaphase stage the chromosomes are scattered along 
the whole length of the pollen mother cell Their weak pairmg during 
«iininn«wra and the Consequent scattered arrangement of the chromosomes 
durmg metaphase constitute cytological basis for the sterihty of the hybnd 
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The metaphase stage which is characterised by random distribution of 
the bivalents and the umvalents is followed by anaphase which is equally 
irregular In normal pollen mother cell, anaphase is characterised by uni- 
form disjunction of the bivalents which results in an equal distribution of 
chromosomes But in the case of the hybnd, the bivalents and the um- 
valents during their disjunction exhibit various irregulanties 

Fig 41 shows the migration of the bivalents and the umvalents to the 
poles Some univalents are seen left out of the spindle and they seem to 
divide These divided bits of univalents either reach the poles along with 
the separating bivalents or they are left out m the cytoplasm where they 
remain to the last without bemg included in any of the daughter nuclei 
Frequently bivalents and univalents are seen to lag on a spindle (Figs 42 
and 43) These laggards also get included in one of the daughter nuclei 
or they remain in the cytoplasm dunng the interphase stage These organize 
themselves into groups and finally form a membrane around them to form 
the rmcronuclei (Fig SO) Sometimes they are found in the plasma in the 
succeeding stages In some cases they are included in one of the daughter 
nuclei Similar cases of laggards have been recorded in many hybrids In 
Nicotiana hybnds, N glutinosa x N Tabacum (Raghavan and Snmvasan, 
A R, 1941 a), in Brassica hybnds (Monnaga, 1929) (Ramanujam, 1943), 
laggards of a similar kind have been found frequently 

Sometimes due to unequal disjunction, the separating chromosomes are 
connected by long chromatin thread, forming chromatin bridges (Fig 44) 
The exact nature of these bndges and the reason for their formation could 
not be studied in detail 

After the complete separation of the chromosomes, interphase sets in 
The two chromosome groups orgamsc into two nuclei at the poles It is 
observed that one of the poles contains a larger number of chromosomes 
than the opposite pole (Fig 4S) This is due to the unequal separauon that 
takes place durmg anaphase Further some of the chromosomes have been 
left out as laggards in the plasma itself Hence the disparity in number of 
chromosomes between the two mterphase nuclei No wall is formed between 
them Wall formation after the first division is not a common feature of the 
dicotyledons But in Nicotiana hybrids, between Nicotiana glutinosa and 
Nicotiana Tabacum (Raghavan and Snnivasan A R , 1941 a), wall forma- 
tion has been recorded 

Second metaphase plate shows two groups of chromosomes distributed 
with unequal numbers Some of the laggards are also seen m the cyto- 
plasm liiese laggards remain as such and are not included in the second 
metaphase plate (Ftg. 4Q. 
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During the succccdmg second Anaphase also the chromosomes separate 
exhibiting irregularities of the kmd occumng during first anaphase (Fig 47) 
Some chromosomes are left behmd on the spmdle Some re main out of 
the spmdle and assemble together As in first anaphase equal number 
of chromosomes do not go to each pole As a result of these groups having 
varymg numbers of chromosomes are formed and the four daughter nuclei 
are organised around each one of these groups (Figs 48 and 49) A few 
laggards are also seen m the cytoplasm which are not included in any of the 
telophase nuclei The discrepancy m the number of chromosomes in the 
telophase groups is responsible for the formation of the daughter cells of 
unequal size which ultimately results m tetrads and pentads, big and small 
Fig 51 shows dau^ter cells of unequal size bemg formed Since the 
chromosomes of the haploid complement are not evenly distributed among 
the four telophase nuclei, the grams that result from them are non-viable, 
leadmg to the stenhty of the hybrid In some cases, some of the laggards 
that were left out of the spindle arrange themselves m small groups and 
form micronuclei (Fig SO) Thus mstead of regular tetrads being formed, 
pentads and hexads result out of the irregularities of meiosis m the hybrids 
(Figs 51 and 52) Hence grains exhibit vanous sizes and shapes resulting 
in their polymorphic nature Plate XII, Fig 3 is a microphotograph of the 
pollen grams of the sterile hybrid, to show the polymorphic grams Only 
5 to 10% of the pollen grams reached the size of the pollen grams of the 
parents 

The pollen grams are highly non viable They do not gemunate even 
m sugar agar cultures The pollen grams were deposited on the stigma of 
both the parents, Sesamum ortentaJe and Sesamum prostratum In both the 
cases, the grams did not germinate Pollen grains were deposited on the 
stigma of the sterile hybnd itself Even then the result proved negative 

Thus It IS evident from the above observations that the sterility of the 
hybnd is the outcome of the irregulanty of mciosis 

id) The Antphtdiploid 

Weak pairmg between the parental chromosomes m the hybnd indicates 
that there is no homology between the chromosomes of Sesamum orientate 
and Sesamum prostratum Presumably the parental chromosome sets exhibit 
structural disi^ty, hence there is little possibihty of their commg together 
m pairs This abmee of pairmg due to the weak homology between the 
chromosomes could be overcome by supplymg these two sets of chromo> 
some complements, each with another homologous set Thus 13 orientate 
chromosomes may be suppbed with another 13 of its own so that both the 
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sets may pair among themselves Similarly for Sesamunt prostratum another 
set of 16 chromosomes may be made available so that pairing may take place 
between the two sets of 16 chromosomes This has been made possible 
recently by colchiane appbcation by which doubling of genes is brought 
about 

In the present investigation the 29 chromosomes of the sterile hybrid 
have been doubled (2n S8) That is, the 13 chromosomes ot orientq^e have 
been dupheated as also the 16 chromosomes of prostratum The result is, 
the hybnd proves to be completely fertile unlike its sterile predecessor The 
cytological explanation of the fertihty is the regularity with which meioais 
takes place 

Fig S3 shows a somatic plate containing 3b chromosomes which is 
double the number of the sterile hybrid (2n 29) But a distinction could 
not be made between the two parental sets of chromosomes since they were 
identical in their morphology 

Meu)sis — Microsporangial development is of the normal type as 
desenbed for Sesanaun orientate 

Meiosis IS regular At diakinensis there is regular pairing and 29 
bivalents are formed (Fig 54) Metaphase 1 (Figs 55 and 56) shows the 
29 bivalents arranged in the form of a flat plate in the equator Obviously 
pairmg has taken place among the duplicated parental genomes, that is, 
16 prostratum with 16 prostratum and 13 orientale mth 13 orientate chromo* 
somea 

First Anaphase is normal and the chromosomes disjom w^out exhi> 
bitmg any irregularity Fig 57 shows the metaphase plates dunng Meta- 
phase n Second anaphase also is regular (Fig 58) Equal numbers of 
chromosomes go to the respective poles As a result ot regular meiosis, the 
four telophase nuclei are organised with equal number of chromosomes and 
tetrads are organised m the normal way (Figs 59 and 60) 

The pollen grains that are formed are of uniform shape and size without 
showing any polymorphism They are however bigger in size than those 
of the parents Plate XII, Fig 4, is a microphotograph of the pollen grains 
of the ferule hybnd 

The pollen grama are highly viable as evidenced by the formation of a 
laige number of fruits m the fertile hybrid Also expenments on gemuna- 
Uon of the pollen grams in agar culture have shown the rapidity with which 
the grains germinate Consequently the ferulity of the hybnd has mcreased 
the yield of an individual plwt by 6 times its parent, Sesamum orientate. 
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The ovary is fertile as revealed by the presence of a large number of 
seeds which in each fruit amounts to about SO. The amphidiploid thus 
derived is breeding true and the meiosis in all the subsequent generations 
have been found to be quite regular. This fertile hybrid may be regarded as 
a stable true-breeding species, deserving an independent position along with 
the parents, Sesamum orientale and Sesamum prostratum. 

IV. Discussion 

(a) Nucleolus — its behaviour and persistence 

In angiosperms normally the nucleolus appears at the telophase stage 
and remains till the onset of metaphose, after which it disappears along with 
the disappearance of the nuclear membrane. However, cases where the 
nucleolus persists even after the metaphase stage are not uncommon. In 
Polanisia trachysperma persistence uplo metaphase in somatic mitosis was 
recorded by Raghavan (1938). But the nucleolar persistence throughout 
meiotic stages such as was seen in Sesamum orientale is comparatively 
rare. The behaviour of these nucleolar bodies is vaned. 

The persistent nucleolus arises as a spherical bud from the nucleolus 
of the resting nucleus. Many such buds are formed, most of them disappear- 
ing during diakincsis stage except one which persists with the same size 
neither diminishing nor dividing until finally incorporated in the tetrad cells. 
There are also cases where this body after remaining for most of the stages 
of meiosis, disappears into the cytoplasm. 

The possibility of these bodies being chromosomes or their fragments 
is ruled ofR by the fact that they are bigger than the chromosomes and per- 
fectly spherical in shape. They take the stain to the same extent as the nucleo- 
lus does. During meiotic stages they do not play any part. Thus it may be 
seen that by their origin from the margin of the big nucleolus and by their 
taking up the stain to the same extent, these bodies are nucleolar in nature. 

The persistent nucleolus in the pollen mother cells of Sesamum orientale 
is observed to exhibit varied movements. During the earlier stages of 
meiosis it either remains in the equator or lies apart. If it remaiiu in the 
equator it migrates to the pole when an^hase separation sets in ; or in some 
cases it disappears' altogether. If they persist they get incorporated into 
one of the tetrad cells. Thus it stands to reason that some force has been 
acting upon these persistent nucleolar bodies to enable them to execute such 
movements. 

The factors which are responsible for such a movement have not bem 
ctoarly established. They are presumably acted upon by the same forces 
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which are responsible for chromosome movements, hke the contraction 
of spindle hbres, electromagnetic repulsion or attraction set up by cytoplas- 
mic currents in the spindle region. Mensinkai (1939) regards the division 
and migration of the persistent nucleolus as being due to the stretchmg of 
these spindle fibres. But since the persistent nucleolus has been found to 
have no connection with the spindle fibre, it is unlikely that the contraction 
of the spmdle brings about the movement of the nucleolus. The other 
alternative is the magnetic attraction set up by the cytoplasmic current. The 
fact that sometimes the persistent nucleolus remains at the equator while 
at other times it moves towards the poles would suggest that these move- 
ments may be due to the above cause. Further the spindle region would 
appear to be one of localised forces and vvh'.'i a body lies m that region it 
is earned away provided it is not attached to any thing like the spindle fibre. 
The persistent nucleolus by its position at the border of the spindle fibres 
and also by its migration to the poles ahead of the chromosomes, it would 
appear that the movement of the nucleolus might be controlled by the 
localised forces that have been referred to above 

During metaphasc the chromosomes are attached to the spindle fibres 
and since contraction of the fibres takes place only a little later, the chromo- 
somes arc prevented from being carried away by the forces at the spindle area, 
while the nucleolus hes unattached to the spindle fibres so that it is free 
to move and hence it is found to reach the poles ahead of the chromosomes. 
Movements of this kind may perhaps be explained by the electromagnetic 
theory of nuclear division (Kuwada and Sugimoto, 1928). According to 
this theoiy, the persistent nucleolus, because of the presence of plastin, which 
It has retained instead of giving to the chromatm, becomes highly electro- 
positive, while the poles remain oppositely charged. As a result of this the 
persistent nucleolus is attracted towards the pole and hence the movement. 
It is further explained that in the normal cases where there is no persistent 
nucleolus, the chromosomes change their clcctnc charge due to the trans- 
ference of the plastin from the nucleolus. A similar explanation for the 
differential movement of the persistent nucleoli and the chromosomes would 
seem probable in the present mstance also. 

(ft) Interspecific hybridisation— a guide to ancestral homology. 

Interspecific and intergeneric hybridisations and the study of the beha- 
viour of such hybrids have long bera engaging the attention of many cyto- 
logists, since the results of the observation serve as valuable dues to deter- 
mine the relationship between the various species. The mode of origin of 
new species can bo inferred with the help of hybridisation results as disclosed 
by cytological data. 
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Species having the same number of chromosomes when crossed with 
each other will give either fertile hybrids or hybrids of partial or completely 
sterile nature Such fertile hybrids are met with m the following cases 
Viola (Clausen, 1931), Nicotiam (Goodspeed, 1934) and Tritiam (Aase, 1930) 
Clausen (1931) crossed Viola tricolour (n 13) with Viola alpestrls (n 13) 
and got d hybnd which was fertile (2n 26) During meiosis, he observed 
that 13 chromosomes of Viola alpestris paired completely with 13 chromo- 
somes of Viola tricolour thus resultmg m a fertile hybnd The complete 
synapsis m this case indicates the complete homology of the two sets of 
chromosomes Hence these two species, though taxonomically distmct 
may be regarded as havmg had a common ongm on the basis of this piece 
of cytological evidence 

In the case of sterile hybnds, some show partial pairmg with varying 
number of bivalents and univalents durmg meiosis In such cases the 
greater the number of bivalents formed, the greater has been the fertihty of 
the hybnds For instance, Clausen (1931) crossed Viola nana (n 24) with 
Viola lutea (n 24) The hybrid was found to be partially fertile, meiotic 
stages showed the presence of only a few bivalents 6 to 8 In the normal 
case if there is complete painng there should be 24 bivalents formed But 
as there were only a few bivalents, the hybnd was partially stenle, corres- 
pondingly m the hybrids between Viola orphirudis (n 11) and Viola cormta 
alba (n 1 1) he found a greater number of bivalents amounUng to 9 or 10 
The hybnd was almost completely fertile Thus it would appear that the 
degree of hybnd fertility is directly proportional to the number of bivalents 
formed durmg the meiotic stages of the hybrids 

In the case of some hybrids, painng is totally absent and consequently 
the hybnds are completely stenle Karpechenko (1927 a, 1927 b) got a 
hybnd which was completely stenle, by an mtergenenc cross between 
Raphania sativus (n 9) and Brassica oleracea (n 9) This complete sterility 
was attnbuted to the total absence of synapsis or pairmg of parental chromo- 
somes during meiosis This only confirms the previous inference that the 
degree of synapsis is a measure of the degree of hybnd fertihty 

Thus it is noticeable that though the two parental chromosomes of 
hybrids are equal m number, yet they vary m their degree of affinity mdicating 
thereby that the pairmg of ebrmosomes does not depmd upon the numerical 
identity of the chromosomes but on their structural and morphological 
homology This homology between chromosomes of two gametic sets will 
be nearer if both the parents have had a common ongm Thus the 
(Ttological behaviour of species hybnd mdioates not only the extent of 
homology between the species but also the ancestry oi the pamtal forms. 
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In the case of hybrids derived out of parmts having different chromo- 
some numbers, the behaviour of hybrids exhibits complication which is none- 
theless uiterestmg 

The behaviour and the extent of affinity of the chromosomes in such 
hybrids as disclosed by their behaviour at meiosis has been classified by 
Tackholm (1922) mto three groups They are (1) Drosera scheme of pairing 
where there is strong affinity between parental chromosomes , (2) Hieracium 
Boreale type where there is a weak affinity and (3) the Pygrarea type where 
there is no affimty It was Rosenberg (1909) who first observed this pheno- 
menon of painng in Drosera hybrids He crossed Drosera rotundifolui 
(2ii 20) with Drosera longtfoha (2u 40) As a result he got a hybrid con 
taming 30 chromosomes, 10 from the rotundifolia puent and 20 from the 
longifolia parent Dunng synapsis only 10 bivalents were formed and 10 
chromosomes remained as univalents Rosenberg concluded that the 10 
chromosomes of rotundifolia paired with 10 of longifolia leaving the other 
10 of longifolia unpaired Such a type of pairing between two sets of chromo- 
somes belonging to two different paiental species which may or may not 
have equal number of chromosomes is known as Allosyndesis Here 10 
chromosomes of rotundifolia and 10 chromosomes of longifolia paired 
allosyndetically Similar cises of allosyndesis have been record^ m 
Triticum hybnds (« 35) resultmg from a cross between Triticum Emmer 
(n 14) and Triticum Vulgare (n 21) 14 synaptic pairs were formed 14 

chromosomes of Triticum Emmer paired with 14 of Triticum Vulgare while 
the lemaming 7 chromosome of Vulgare parent were left m an unpaired 
condition (Kihara, 1919, Sax, 1922) In Nicotiana hybnds b^een 
NIcotiana Tabacum {n 12) and Nicotiana sylvestris {n 24) (Goodspeed and 
Clausen. 1927) there was an arrangement of 12 bivalents and 12 univalents 
mdioating allosyndesis between 12 chromosomes of Nicotiana Tabacum 
and 12 chromodbmes of Nlcotuina sylvestris (n 24) 

There are also cases where m addition to allosyndesis there is also auto- 
syndesis Autosyndesis indicates the painng among the chromosomes of 
a smgle set Thus m Digitalis hybnds (In 72), between D lutea (n 48) 
and D micrantha (n 24) 72 chromosomes were found in the somatic com- 
plement, and dunng meio&is they organised uito 36 gemim (Haase-Bessel, 
1916) indicating that all the chromosomes have paired It means that 24 
chromosomes of D micrantha have paired with 24 chromosomes of D lutea 
to form 24 bivaloits The remaining 24 chromosomes of D lutea have 
paired among themselves to form 12 more bivalents, thus bnngmg the total 
to 36 bivalents In sudi a case as this, there u not only pairing between the 
memben of the gametto complements of the two different speaes, namely, 
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D. hitea and D. micrantha (allosyndcsis) but also among the remain< 
ing chromosomes of the same gametic complement, namely D. hitea 
(autosyndesis). 

Similarly in Papaver hybrids (Ljundahl, 1924), viz., Papaver nudlcaule 
(n: 7) and Papaver radicalum (n: 35) there are 21 gemini formed which may 
be explained on the same basis. 7 chromosomes of nudicaule have paired 
with 7 of radicalum and the 28 chromosomes of radicalum have paired among 
themselves to form 14 gemini. Thus there is allosyndesis tetween 7 of 
radicalum and 7 of nudicaule and autosyndesis between the 28 chromosomes 
of radicalum themselves. This revealed that though the two parental 
complements differ in number yet there is a marked affinity between the 
two sets. Allosyndesis and Antosyndcsis would thus indicate the extent 
to which there exists homology between the two parents. 

In hybrids exhibiting weak pairing among the chromosomes of the 
parents, varying degrees of synapsis and in some cases asynapsis also occur 
in the meiotic cycle of the hybrid and consequently it b^mes sterile. 
Raghavan and Srinivasan, A. R. (1941 a) record such weak pairmg among 
the chromosomes in the hybrids between Nicotiana glutinosa (2/t : 24) and 
Nicotiana Tabacum (2n:48). They observed varying degrees of synapsis 
and also in certain cases complete asynapsis. This would indicate distant 
homology. This hybrid has been classified by them under the Hieracium 
Boreale type Hybrids belonging to the last scheme, namely, showing no 
affinity between the members of the two complements have been recorded 
in many cases. Crepis (Collins and Mann, 1923), Digiialis (Haase-Bessel, 
1921) and Nicoiiana (Goodspeed, 1934). 

In the present investigation the meiosis of the sterile hybrid was studied 
in detail with a view to find out the degree of aflfinily that existed between the 
two sets of gametic complements. The sterile hybrid i2n979) of the cross 
between Sesamum orientale (n: 13) and Sesamum prostratum (n: 16) shows 
irregular meiosis with varymg numbers of bivalents. It is also found that 
in the majority of cases 8 bivalents are formed with the rest scattered as uni- 
valents. The somatic number 29 of the hybrid should contain 13 of orientate 
chromosomes and 16 of the prostratum parent. If it conforms to the Drosera 
scheme of pairing, then 13 of orientate chromosomes should pair with 13 
of prostratum, leaving the three prostratum chromosomes unpaired. But 
such a maximum pairing has never been observed to take place as most of 
the pollen mother cells show 8 and very occasionally 10 bivalents. This can 
be interpreted in two ways: (1) That the 8 chromosomes of mientate pair 
with a corresponding number of prostrptum chrontosomea leaving the pthers 
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unpaired. This means that it is a case of allosyndetic pairing. (2) That 
the prostratum chromosomes might pair among themselves* to form 8 bi- 
valents, leaving the 13 orientale chromosomes in an unpaired condition. 
This suggests autosyndesis among prostration chromosomes. Either of 
these interpretations would indicate only a weak homology between the 
chromosomes of Sesamum prostration and Sesamum orientale. It is there - 1 
fore reasonable to mfer that we have to look to some other source for the { 
origin of the cultivated til {Sesamum orientale) than from prostratum. It is^ 
not likely that they could have had a common origin on account of their 
distant homology as revealed by the behaviour of their chromosomes in the 
hybrid. This would appear to be supported also by the fact that even 
though they belong to the same genus, they are different in their habit. The 
one is erect whereas the other is prostrate. Sesamum orientale is an annual 
herb whereas Sesamum prostratum is peremual almost a shrub. It may be 
that future explorations mto the Indian wilds may show the presence of 
ancestral forms of the domesticated til. In this connection, we have also 
to remember the American tropics. Only one wild specie has been reported 
from Argentina, which is Sesamum radiation {In : 64) (John and Rao, 1941). 
Its number suggests tetraploidy from Sesamum prostration. Whether there 
are any more forms which could throw light upon the origin of the cultivated 
til, future exploration alone can reveal. 

(c) Artificial synthesis of a new species 

The genes on the chromosomes govern plant characters. Any 
alteration of the genes either in their position or in their number would con- 
sequently affect the configuration of a plant. Gene mutations thus bring 
about mutations of plant characters. Generally gene mutations involve a 
rearrangement of the genes such as inversion, reciprocal translocation, etc. 
These lead t* mitotic and meiotic aberrations resulting in external morpho- 
logical mutations of several kinds. A more common and fruitful way in 
wUch changM in plant configurations occur is through the duplication of 
genes of certain chromosome sets or the duplication of the entire genic comple- 
ment. That is, all the members of the chromosome complement undergo 
reduplication and thia is known as Polyploidy. The phenomenon of poly- 
ploidy may be of two kinds, Autopolyploidy and Allopolyploidy. In the 
former there is a duplication of the chromosomm derived from the same 
parent (as in self-pollinated plants) or from parents belonging to the same 
species as in cross-pollinated plants. In the latter two sets of chromo- 
somes from two difibrent parents are involved. This may happen in inter- 
specific hybrid* and very rarely in intergeneric hybrids, 
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Autopolyploids arise either spontaneously in nature or are artificially 
induced. Allopolyploidy on the other hand indicates hybridisation, 
whether interspecific or intergeneric. Autopolyploids may be stable 
species breeding true. In most cases where there is induct polyploidy 
sterility of the autopolyploid is quite common as m Cosmos (Earl Newcomer, 
1941). AAlflf^lyploids ^ aforesaid arise out of hybridisation. The hybrid 
so dwhw H Mhy be sterile or fertile. If the hybrids prove fertile, then the 
allopolyploid s breed true and establish themselves as stable species. Allo- 
polyploids which are sterile due to hybridisation may be made fertile by 
artificial induction of amphidiploidy about which a detailed mention is made 
further below. 

The most common form of autopolyploids occurring in nature arc the 
tetraploids. Tetraplcids arise as a result of the duplication of the diploid 
diromosomal set. Many causes are in evidence for the duplication of 
chromosomes in the plant cell. Cytomyxis. occumng in the pollen mother 
cells, is considered by some to be one among them. This phenomenon was 
first observed by Gates (1911) in the pollen mother cells of Oenothera gigas. 
He described the process as a migration of the chromatic material from the 
one pollen mother cell into the adjacent cell. But he contended that the 
chromatic material disappeared into the cyU^jlasm of the recipient cell and 
that the chromatic material of the recipient cell was not increased by the 
addition of extruded chromatic material from the adjacent cell. Thus 
according to him, cytomyxis does not bring about chromosome duplication. 
Binucleate pollen mother cells arisen from cytomyxis, have been recorded in 
TrIeUtx (Raghavan and Venkatasubban, 1941) where the two nuclei enter 
independently into successive division stages and ultimately it was observed 
that this phenomenon was responsible for the degeneration of the pollen 
mother cells and the significant sterility in the species was attributed to cyto- 
myxis. Nandi (1937) also descri^ such cases of binucleate pollen mother 
cell formation from cy^pyxis (|||diakinesis in Oryza. Particularly in the 
case of hybrids both immliMcifi* and intergeneric this abnormal phenomenon 
seems to be quite Sommon. Kattermann (1933) in Triticum X SecaU 
hybrids, Percival (1930) in hybrids between Aegilops x Tritiam species 
and Raghavan and Srinivasan, A. R. (1941 a) in Nicotlana glutbiosa x Nico- 
tiana Tabaewn hybrids. From this and from the evidence of Church (1929) 
^o found the occurrence of this phenomenon in the hybrids of Phalarls, w« 
may infer that it is more probable that this phenomenon is associated with 
hybrids than being an artifact as Sinoto (1922) regarded. It cannot however 
be said with any amount of certainty whether the formation of additional 
nudei through cytomyxis is a certain method of origin of polyploidy. 



259 


CytogtntHeal Studus tn Sesamum — 1 

Tetraploidy may abo arise from fusion of unreduced gametes havmg 
the diploid number of chromosomes They are formed due to absence of 
oross>wall formation after the heterotypic division When an unreduced 
gamete fertilises a gamete with the haploid number, then a tnploid results 
If It fertilises another unreduced gamete, a tetraploid is formed Such 
instances of tetraploidy are common in Datura, and Tobacco In Brass tea 
hybrids it was observed by Ramanujam and Snmvasachar (1943) 

Experimental tctraploids have been obtained in a number of speaes 
As early as 1914 Gregory described a tetraploid stram in Primula sinensis 
conta ining 48 chromosomes It has been shown that in the chromosome sets 
of diploids there are chromosomes of different kinds, each of which is repre- 
sented twice, one of the two bcinir derived from egg and the other from the 
pollen In the tetraploids with 48 chromosomes, it was found that the 
Chromosomes often came together in fours at leduction division It was 
found that the 48 chromosomes of the tetraploid un ted into 12 groups of four 
Winkler (1916) induced polyploidy in Solanum by grafting together the species 
Solanum lycopersicum and Solanum nigrum The adventitious shoots arose 
at the grafung pomt were in some cases tetraploid Decapitation is another 
me iin« of bnnging about tetraploidy Terminal buds of tomato, tobacco 
have been decapitated and callus allowed to form which produced adventitious 
buds from which arose tetraploids (Beadle, 1940) 

Certain drugs, particularly the alkaloid. Colchicine extracted from 
Colchcwn autumnale have been known to produce chmacteristic disturbances 
m the cell division Blakeslec and Avery (1937) sfawed that treating sepds 
with an appropnate solution of colchicme products tetraploid tissues from 
which tetraploid strains may be denved Their work has been subsequently 
confirmed and employed by many investigators (Nebel rnd Ruttle, 1938), 
(Levan, 1938, 1939 and 1940 a) and many others 

An important property of Autopolyploids concerns the behaviour of 
their chromosomes at meiosis In a diploid organism, every chromosome 
has Its homologous partner Of the two homologous sets one is from the 
male cell and the other belongs to the female sexual cell A number of 
bivalents equal to the haploid chromosome number is formed and the dis- 
junction at meiosis gives nsc to gametes all of which contain haploid sets 
of the chromosomes In an autopolyploid every chromosome has more 
than one homologue so that opportumty presents itself for the formation 
of trivalents, quadnvalents and higher associations The disjunction at 
meiosis 18 frequently abnormal, different numbers of chromosomes gomg to 
two poles of the division spindle In order to breed true, an autotetraploid 
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must produce gametes all of which have the same complements of 
chromosomes. Since loss or addition of chromosomes usually reduces 
the viability of the offspring, the reproductive cells of polyploids are fre- 
quently non-functional. But there are a number of cases of tetraploids which 
are normal and consequently breed true and have established themselves 
as stable forms, e.g., Tradescantia (Anderson and Sax, 1936). 

Apart from their existence in nature, due to natural hybridisation, allo- 
polyploids have been produced experimentally. The intergcneric hybrids 
between radish {Raphanus sativus, n : 9) and cabbage (Brassica oleracea, n : 9) 
serve as an illustration of the results obtained when the chromosome comple- 
ment is reduplicated in crosses of taxonomically remote forms (Karpechenko, 
1927 a and b). Both parents have the diploid number 18. Cross succeeded 
fairly easily. The hybrids had 18 chromosomes, 9 from the radish and 
9 from the cabbage parent. No chromosome pairing took place and the 
18 chromosomes remained as univalents at metaphase of the first division 
and were distributed at random to the poles. At the second division the 
univalents split, giving rise to cells with a varying number of chromosomes, 
mostly from 6 to 12. In some of the pollen mother cells however, the first 
division was abortive and nuclei were formed that included all the 18 imi- 
valents. The second division then gave rise to two diploid spores. Two 
pollen grains containing the diploid complements were organised. The Fi 
hybrids mostly were sterile but few seeds were produced. Cytological 
examination showed that most of the F| hybrids derived from the seeds bad 
36 chromosomes in their somatic cell. The origin of such plants was in all 
probability due to the union of the few diploid gametes produced in the Fi 
hybrid. The Fi plants therefore contained 18 radish and 18 cabbage chromo- 
somes; in other words, the diploid complement of the chromosomes of each 
parental species. Such F| hybrids were allotctraploids. The meiotic divi- 
sions were very regular in striking contrast with the abnormalities observed 
at meiosis in the Fi hybrids. In the tetraploids, 18 bivalents were formed, 
disjunction was normal and the resulting cells contained 18 chromosomes 
each. It is practically certain that 18 bivalents that appeared at meiosis 
were due to the pairing of 9 radish chromosomes with their 9 radish homo- 
logues. Thus the pairing was between similar chromosomes of the same 
parent (Autosyndesis) rather than between the chromosomes of different 
species (Allosyndesis). The tetraploid plants were fertile and bred true. 
This true breeding type was assigned the name Raphatm- Brassica because 
it arose out of the two genera, Raphanus and Brassica, after hybridisation. 

Raphano-Brasslca is by no means the only new species which has arisen 
tlirough allopolyploidy in experimental cultures. Rrimufa Kewtnsit (n:18 
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and 2n : 36) is another allotetraploid which arose as a bud sport among 
population of Primula floribunda and Primula verticillata, ^th having 
haploid number 9. Primula Kewensts, the diploid hybrid of Primula flori- 
bmda and Primula verticillata, was observed to set seed on three occasions 
since its first production in 1900 (Newton and Pellew, 1929). Each time its 
seed gave rise to fertile plants with the tetraploid number of chromosomes, 
2n : 36. In the vegetative cells of one of the fertile inflorescences, tetraploid 
number of chromosomes was found, showing that the doubling process took 
place in the somatic divisiop. It was the only case known of a sterile 
(diploid) hybrid giving nse to a fertile tetraploid by somatic doubling of 
chromosomes. In the meiotic division of the diploid hybrid of P. Kewensis 
in: ISi 9 pair& ^of chromosomes were formed which maj^ be indicated as 
FI VI, F2 V2 and so on. The resulting gamete would contain all possible 
combinations of chromosomes. Most of these gametes were non-viable; 
a few however were viable and these while they bore many P. floribunda 
characters also showed traces of P. verticillata. But in the tetraploid hybrid 
each chromosome was represented twice and if 18 pairs were form^ in 
meiosis, they might either be pairs of identical chromosomes (FI FI, VI VI) 
or of corresponding floribunda and verticillata chromosomes (interspecific 
pairing) as in the diploid hybrid. In the last case, the number of possible 
combinations would be much greater than in the diploid. In the former 
case, FI FI, VI VI or identical chromosomes separate and the gamete will 
each contain a complete set of floribunda or verticillata chromosomes which 
on fertilisation will give a uniform progeny. Thus the hypothesis of pairing 
of identical chromosomes (intraspecific) gives a satisfactory explanation of 
a perfectly constant tetraploid hybrid. This hypothesis was put forward 
by Winge (1917) in discussing the possible origin of tetraploids from hybrids. 
He considered that doubling of chromosomes might result in failure to conju* 
gate at meiosis, followed by splitting and subsequent pairing of the identical 
halves. 

The case of Crepis is somewhat different from that of Primula Kewensb. 
Poole (1931) showed that in the diploid hybrid of Crepis, Crepis rubra (a: 5) 
X Crepis fletida (n : 5) there was complete pairing of the chromosomes. 
They behaved as though they were from the same parents. Consequently, 
the hybrid was fertile and the tetraploid denved from it behaved almost like 
on autotetraploid. Quadrivalent formation was very common. In the 
hybrid R(n^ra) and F(f(Etida) chromosomes pair^ (RF). In the tetra* 
ploid form duplication of the chromosomes took place, resulting in RR and 
FF. Because of the complete homology of R and F chromosomes, these 
four chromosomes formed one quadrivalent (RRFF). But in the case of 
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Prinodla Kewensts tetraploid (FFW) there were no quadnvalents formed 
Instead F and F paired and V and V paired forming 18 bivalents It might 
be that even though F and V were somewhat related, they were not com* 
pletely homologous so as to induce quadrivalent formation Presumably 
W and FF bivalents may exhibit secondary association indicatmg their 
ancestral relationship 

Expenmentally-produced allopolyploids of the kind desenbed above 
happen to be identical to wild Linnsn sptcies already existing m nature 
The classical example of such an allotetraploid is that of Galeopm Tetrahit, 
an existing Lmnscan species which was experimentally synthesised from 
Its putative ancestors In his monograph on the genus Galeopsis, Muntzmg 
(1920, 1932 and 1937) showed that six out of the eight species mvestigated 
had the haploid number of chromosomes 8 and the two remaimng ones had 
n 16 Among the former were the species of Galeopsis pubescens (n 8) 
and Galeopsis speciosa (n 8) and among the latter was Galeopsis Tetrahit 
(ji 16) The crosses between 0 pubescens and G speciosa succeeded easily 
when G pubescens was used as the female parent At meiosis varying 
numbers of bivalents and univalents were formed The anther of the flowers 
of this hybrid contained only 8 to 20% of good pollen grams A few good 
ovules however were produced In the F| progeny raised by the few seeds 
obtained, a smgle plant was found that proved to ^ a tnploid (3/i 24) Its 
ongm IS probably due to the union of a gamete containing the somatic 
complement of the hybnd (8 chromosomes of G pubescens and 8 chromo* 
somes of G speciosa) with a gamete carrymg 8 chromosomes This triploid 
was backcrossed to pure G pubescens A single seed resulted from the back- 
cross It gave rise to a plant which proved to be a tetraploid (4/j 32) This 
tetraploid was fertile and became the progenitor of a stiain which was named 
“ artificial Tetrahit” 

This ‘ artificial Tetrahit ’ was like the real Galeopsis Tetrahit desenbed 
by Linnxus in possessing 32 chromosomes in somatic cells and 16 bivalents 
at meiosis The irregular mciosis characteristic of the Fi hybnds ceased to 
exist in the artificial Tetrahit In short, the artificial G Tetrahit and the 
natural species arc similar not only in their morphology but also m their 
genetical and cytological behaviour 

Spartma Townsendii (2n 56) is another example of an expenmental 
allotetraploid Spartma stricta (n 28) and Spartma alternlfolia {n 35) 
were crossed (Huskins, 1931) The tetraploid form of the hybnd was found 
to contain 126 chromosomes Spartma Townsendii showed a diploid number 
of 126 chromosomes and with morphological and cytologi^ evulenoes, 
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Huskins proved that Spartina Townsendii was an allotetraploid denvative 
of the hybrid between Spartina stricta and Spartina alternifolia 

Since the discovery of colchicine as an agent for the doubling of chromo- 
aomes, several experiments have bc^n conducted to confirm the oiigm of 
existing species by artificially repeating the supposed event that led upto their 
formation Thus existing polyploid sptcies hive been artificially synthe- 
sised from their putative ancestors in Nicotiana (Greenleaf, 1941), in 
Gossypium (Harland, 1940) and in Triticwn (Thompson, Bntten and Harding, 
1943) Recently Brassica juncea was artificially synthesised and its origin 
was traced with the help of cytological and cytogenetical evidences 
(Ramanujam and Snmvasachar, 1943) According to Monnaga (1934) 
Brassica juncea (2n 36) is an allotetraploid composed of the genomes of 
Brassica campestris (n 10) and Brassica nigra (n 8) 

Two evidences were adduced to the allotetraploid origm of Brassica 
Juncea Firstly in a cross between Brassica juncea (n 18) and Raphanus 
sativus (n 9) there was complete absence of pairing among the B juncea 
diromosomes themselves in the Fi hybrid Secondly, when crosses were 
made on the one hand between B juncea and B campestris end on the other 
between B juncea and B nigra the Drosera scheme of pairing was observed 
That IS in the Fi hybnds (B juncea x B campestris) and (B juncea x 
B mgra) the configuration of 10 bivalents and 8 univalents and 8 bivalents 
and 10 umvalents occurred respectively In B juncea x B campestris ID 
chromosomes of B campestris paired with 10 of B juncea, leaving the 8 
chromosomes of B juncea as univalents 

It is clear from the regular formation of bivalents m these hybrids that 
the haploid set of B juncea chromt^omes is equivalent to the haploid set 
of the two species, B nigra and B campestris and that by doubling the 
chromosomes of the Fi hybnd got between them, plants resemblmg 
B juncea could be produced 

Recently such an ongm of Brassica juncea as an allotetraploid from 
B campestris and B nigra parents has been confirmed by the more direct 
evidence of synthesismg the species by successfully effecting crosses between 
the two parents and subsequently inducmg amphidiploidy by the apphcation 
of colchicine (Ramanujam and Snmvasachar, 1943) Additional confirma- 
tion was obtamed from the fact that there was umform pamng between 
synthetic B juncea and natural B juncea when they were crossed They 
crossed B campestris and B nigra and the Fi hybrid that resulted out of 
this cross possessed 2n 18 and these appeared as bivalents and univalents 
during meiosis Occasional cases of quadrivalent formation were also met 
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with Anaphase I and II were charactensed by bridge formation Fruit 
setting was very poor and only a few seeds could be available The first 
generation of Amphidiploid was produced as a chimeral branch on F] hybnd 
of the above cross Two branches were treated with 4% colchicme m 
S0% glycerine The branches treated showed fertihty and an At generation 
of plants were raised from the seeds available in the frmts of the treated 
branches The At generation possessed diploid set of 36 chromosomes and 
resembled m all respects those belonging to the speaes B juncea This 
amphidiploid crossed easily with the natural B juncea Pairing was com- 
plete thereby mdicatmg that the haploid set of the amphidiploid was homo- 
logous to the haploid set of B juncea Indirect evidences as adduced by 
Monnaga (1934) stand confirmed by this direct evidence through artificial 
synthesis 

In a manner similar to the above mentioned cases, hybndisation and 
artificial induction of amphidiploidy 1^ to the establishment of a true breed- 
mg species of Sesamum in this laboratory The amphidiploid, details of 
whose characters are given in another paper, proved to be a stable true- 
breedmg type and deserves an mdependent place along with the parental 
species, namely, Sesamum orientale and Sesamum prostratum Sesamum 
orientate (2n 26) and Sesamum prostratum (2n 32) were crossed reciprocally 
This resulted m a hybnd havmg 2n 29 Meiosis was found to be irregular 
because neither complete autosyndesis nor complete allosyndcsis was 
observed The result was that the hybnd proved to be sterile A duphea 
non of the chromosomes means the duphcation of the parental chromosome 
sets Then dunng meiosis there would be autosyndesis which would result 
in regular meiosis Thus with this object in view the sterile hybnd was 
treated with colchicine and amphidiploidy was successfully mduced 

Colchicme solution m tap water of strength 4% was apphed m the 
form of drops at the terminal bud of young seedlmgs of the hybnd The 
treatment was given twice a day on three alternate days A cotton wool 
was placed at the region of application to prevent excessive eviration of 
the chemical The colchicme effect was revealed m the hybnd by its 
stunted growth and deformed leaves Flowers were formed which were 
almost twice as big as those of the sterile hybnds Viable pollen grains 
were formed and the tmted seedlings yielded fruits with good seeds Thus 
fertility was induced through amphidiploidy 

The cause of the fertility may be inferred as follows The 29 chromo- 
somes of the hybnd plant would have been doubled to 58 by the action of 
colducme so that the somatic complement instead of havmg 16 chromosomes 



2^5 


Cytofetuiical Studus tn StsaMum — / 

of prostratum and 13 chromosomes of orientate would have 32 chromosomes 
of prostration and 26 chromosomes of orientate Durmg meiosis no 
irregulanty was noticed bee lusc the 32 chromosomes of Sesamum prostratum 
paired autosyndeticaliy, to form 16 bivalents and the 26 chromosomes of 
Sesamum orientate parent oiircd autosyndeticaliy among themselves to form 
13 bivalents, thus resulting in autosyndesis or intraspecific pairmg m both 
the parents Ihe 29 bivalents observed in meiosis of the amphidiploid 
must be the total number of bivalents of both the parents This amphi- 
diploid has been established as a stable true breeding type evolvmg out of 
interspecific faybndisation followed by amphidiploidy 

The true breeding fertile hybrid resembles the prostratum parent more 
than the orientak incliding the perennial hibit Even the sterile hybnd 
shows greater resemblance to Sesamum prostratum The cytological expla- 
nation for this may lie in the fact that both in the sterile ^nd fertile hybrids 
there is a greater number of prostration chromosomes The Fj hybnd is 
only an annual whereas the amphidiploid is a perennial Possibly the pre- 
sence of a very large number of prostratum chromosomes, 32 in a complement 
of 58, is responsible for incorporating this parental feature also in the amphi- 
diploid Thus cytological mvestigations of many of the existmg speaes, 
wild and cultivated, may well show that, in spcciation, amphidiploidy has 
played an important role Many of the existmg fopns may be proved to be 
amphidiploids provided their parental ancestors are discovered Thus in 
evolution of new species, allopolyploidy has played an important part 

(d) The possibte origin of the cuttivated Tit, Sesamum orientate Linn 

From the cytological data gathered through interspecific hybridisation, 
It is safe to infer, m an empirical way, the possible origin of the cultivated 
Til If, in the mterspecific hybrid between Sesamum oruntate Lum and 
Sesamum prostratum Retz , there was exhibited Drosera scheme of pairing, 
then it would have meant that the genome of Sesamum prostratum contamed 
withm It the genome of Sesamum orientate and consequently the two would 
be related ancestrally But that is ruled out 

The frequent occurrence of 8 bivalents can be regarded as autosyndetic 
pairmg amongst the 16 prostratum chromosomes, leavmg the 13 chromo- 
somes of orientate unpaired 

Or it may be that the 8 chromosomes of prostratum have paired with 
8 chromosomes of orientate to form the bivalents In this case 8 chromo- 
somes of prostratum and S chromosomes of orientate are left out unpaired 
This means allosyndetic pairmg between 8 chromosomes of prostratum 
vrith 8 of orientate 
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If it wa& allosyndetic, then all the 13 chromosomes of orientale must have 
paired with 13 prostratum chromosomes (Drosera scheme), it cannot be 
that 8 alone of orientale chromosomes could be homologous with 8 chromo- 
somes of prostratum and the rest did not show any homology. So it is likely 
that the 8 bivalents frequently met with are the result of autosyndetic pairing 
among the prostratum chromosomes. This means that there is no pairing 
at all between prostratum and orientale chromosomes. 

From the above two suggestions, two things are evident. (1) That the 
haploid sets of orientale chromosomes are not sufficiently homologous with 
one another to pair among themselves. So Til might have ansen through 
allopolyploidy. (2) An absence of pairing between the two parental chromo- 
somes sets indicates the lack of homology bc'iWccn the chromosomes of 
prostratum and orientale and hence they could not have had a common 
origin. 

This absence of homology as indicated by absence of autosyndesis 
amongst the orientale chromosomes must be due to either of two causes: 

(1) That the basic number of Til is 13 and that polyploidy has not played 
a part in the evolution and that the 13 gametic chromosomes, even though 
they may not show wide disparity in their morphology, arc none the less 
structur^y different from one another which results in their non-pairing. 

(2) The second alternative is that it should have arisen from a lower chromo- 
some-numbered ancestor through the operation of polyploidy. If so, the 
absence of autosyndesis indicates that allopolyploidy has been the operating 
factor. Of these two alternative possibilities the latter seems the more 
likely. 

In the previous mvestigation as well as in the present, the phenomenon 
of secondary association has been frequently met with and <m the' basis of 
miiTinnnn association, it has beoi suggested that 7 is the basic number of 
the species— meaning thereby that Til must have arisen from an ancestral 
form with a set of 7 haploid chromosomes. How this 26 chromosomed 
Til could have been evolved from such a basic number, through the operation 
of allopolyploidy, can be explained as follows:— 

Sui^osing there were 2 ancestral spedes and P| each having 7 haploid 
chromosomes, one parent from P^ would have gametic genome A, B, C, D, 
E, F and O, whereas the other parental form P, possibly arisen throu^ gene 
mutations, not involving numerical change, would have a genome of the 
same number of chromosomes (7), Ai, Bi, Q, Di, fii, Fi and Oi. Then the 
parents are: 
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A 

P. A, 

B 

B, 

C 

c. 

D 

D, 

E 

E, 

F 

F, 

G 

Oi 


Gametic genomea n 7 


A natural cross between the two forms Pi and P, would result m a hybrid 
Pa having 


2n 14 Stenie hybrid 


The hybrid Pa is presumably stenie because chromosomes A and Ai 
from parents Pj and P, are not homologous and so do not pair 

Somatic doublmg takes place by some means, say, fusion of unreduced 
gametes Then the chromosome sets in Pa will be doubled resulting m Pa 
havmg 2h 28 

Pa AAA, A, 

BBBifi, 

CCC,C, 

DDDjDi 

EEEiEi 

FFF,Fi 

OG(GiGi) Deletion 

Deletion of one pair of dupheated chromosomes m P, results m the disappear- 
ance of one of the chromosome pairs say (G,Gi) Now P, resulting after 
the deletion of one pair would contam 2n 26 only (=^S onentale) 


AA 

AiA, 

B0 

BiBi 

CC 

CA 

DD 

DxD, 

EE 

ExE, 

FF 

FxF, 

OG 



Meiosis in P, —13 pairs are formed m 7 groups Because of distant 
homology of A and A, chromosomes AA bivalents is secondarily astocuited 
with AiA, Thus we get 6 groups of secondarily associated bivalents, vis , 

B4 
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GG remains unassociatcd, G^G^ having been deleted during separation. 


During the disjunction in 


A IS separated from A 


B 

C 

D 

E 

F 

G 


B 

C 

D 

E 

F 

G 


So the gameuc genome consists of: 


Ai IS separated from Aj 
Bi „ 

C^ „ C, 

,, 

E, .. El 

Pi Pi 


A and A,, B and Bi, C and Ci, D and Dt, B and Ei, F and Fi, & O. 
Since A and A^, B and Bi, C and Ci, D and E and Ej, F and Fj are not 
homologous enough to pair, as evidenced in the non-pairing in Ps leading 
to its sterility, they do not show autosyndesis in the meiosis of the sterile 
hybrid (In . 29)— Sesamum orientale (13) X Sesamum prostratum (16). 

The fact that these remained unpaired without any autosyndesis there- 
fore implies an allopolyploid origin of Til in the manner suggested above. 


So far no species of Sesamum having n : 7 has been recorded. It is 
reasonable to expect such wild forms to be putative ancestors to the cultivated 
form. Only an extensive search for the wild ancestors of cultivated forma, 
such as organised by the Soviet, can throw light upon the problem. 


(e) The possible origin of Sesamum prostratum Retz. 

It is interesting to note that while one set of parental chromoHO'infia 
(Sesamum orientale) do not pair among themselves, the other set of parental 
chromosomes (Sesamum prostratum) pair autosyndetically. The cause for 
the non-pairing among the otontiale chromosomes is likely to be its origin as 
an allopolyploid in the manner previously described. 

On similar lines, it may be supposed that autosyndetic pairing of Sesamum 
prostration chromosomes in the stvile hybrid might be due to its origin as an 
autopolyploid from an ancestral form having haploid chromostnne number 
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S If that be the case then the ancestral form will have the somatic consti- 
tution as 

AA 

BB 

cc 

DD 2n 16 

EE 

FF 

GG 

HH 

Supposing doubling of chromosomes lakes place then the zygote will con- 
tam 2n 32 

AAAA 

BBBB 

CCCC 

DDDD 

EEEE 2n 32 

FFFF 

GGGG 

HHHH 

Presumably no quadrivalent formation takes place and 1 6 bivalents are formed 
during the meiosis in Sesamum prouiaium 

Since A and A are homologous they pair and hence when they are in 
a new surrounding, namely, with orientale chromosomes in the sterile hybnd, 
the) pair among themselves They do not pur with orientale chromosomes 
because they arc structurally different from them Phis means that Sesamum 
orientale and Sesamum prostratum could not Inve arisen from a common 
ancestor For, if that were so, the Dioseia scheme of pamng would have 
been exhibited in the hybrid meiosis If the frequent occurrence of 8 
bivalents could mean autosyndetic pairing ot 16 chromosomes prostratum 
chromosomes, then it is likely that Sesamum prostratum has arisen as an auto- 
tetraploid from a parent havmg 8 haploid chromosomes in the manner 
desenbed above 

In the meiosis of Sesamum prostratum there has been observed a regular 
absence of multivalents Normally in autotetraploids, any four chromosomes 
ordinarily tend to form a quadrivalent group in meiosis Often the synaptic 
association is such as to group the four members into two bivalents Thus 
tetraploid sporocytes may sometimes exhibit the diploid number of bivalents 
“ the double diploid ” (Sharp, 1934) 

Accordmg to Crane and Lawrence (1934) it seems that competition 
in pairing at prophase meiosis in an autotetraploid may give rise to um- 
valent chromosomes instead of multivalents. 

B9 
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Autotetraploids may change the pairing habit of their chromosomes and 
the number of chiasmata may be reduced to one for each chromosome 
so that no quadnvalent formation can be formed (Darhngton, 1939) In 
Tubpa tetraploids this is found to happen to a varymg degree (Margaret 
Upcott, 1939) It IS observed that the chiasma frequency of the tetraploids 
IS low, are sexually reproducing, and have been subjected to selection 
because of their ongin from diploid ancestors They have been selected for 
fertility and hence the absence of multivalents 

Many species have been found to include a senes of polyploid forms 
In some cases these are indistmguishable from one another except by distri- 
bution It IS plausible to assume that these forms have ansen as auto- 
polyploids with free pairing amongst their homologous chromosomes This 
condition is still found in certain forms which have presumably remained 
unaltered since their origin 

However, in most cases of autotetraploids low fertility or complete 
sterility has been the rule This is due to the irregular meiosis Formation 
of multivalents is very common and their disjunction is unequal Hence 
polymorphic grams are formed which are non-viable So in speciation, 
autopolyploidy has not played as important a part as allopolyploidy There 
are however cases where autotetraploids have established themselves as 
stable species They show regular meiosis and bivalents have been found 
instead of multivalents Upcott (1939) has recorded tetraploids showing 
no multivalent formation in Tuhpa-specics The autopolyploids of Trades- 
caniia (Anderson and Sax, 1936) is another instance m pomt The above 
authors have reported the occurrence of an entire group of vigorous auto- 
polyploids in the genus Tradescantia These unlike the usual autopoly- 
ploids were found to reproduce themselves bv seeds 

Sesamum prostration may well be included under such autotetraploids 
The perennial habit, the luxuriant growth and the high yield mingled with 
the non-susceptibihty to any disease, either fungal or insect, may be an addi- 
tional advantage acquued by Sesamum prostratum through autotetraploidy 
According to Erlanson (1938) polyploid forms are better fitted to withstand 
Arctic or Alpine conditions while the diploids will simply perish Navaschin 
(1929) has pointed out that ** through changes in the rate of development, 
a polyploid individual may acquire the ability of withstanding different cli- 
matic conditions, and as a consequence, penetrate into new temtory" 
Hagerup (1933) also has stated that “ polyploid forms may be ecologically 
changed so as to grow in other climates and formations where the diploid 
forms will not thnve” 
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If prostratum could have arisen through autopolyploidy and established 
Itself as a stable form, then the presence of other wild forms like Sesamum 
radiatum Shum and Thonn (#i 32), Sesamum lacimatum Klein (/i 14) may 
be explained as a series of polyploid forms arising out of the putative ancestor 
having n 8 Then Sesamum radiatum (n 32) will be an octoploid whereas 
Sesamum lacimatum (n 14) will be a tetraploid, having lost a pair of chromo- 
somes in its meiotic complement (from n 16 to 14) Morphological evi- 
dences also may add proof to the inclusion of these two wild forms in the 
scale of polyploidy Sesamum lacimatum and Sesamum radiatum have been 
found to grow luxuriantly maintaining at the same time the perennial habit 
So, it might be that these forms, along with Sesamum prostratum, have ansen 
from an ancestor havmg a basic number of chromosomes n 8, as autopoly- 
ploids 

V Summary 

Interspecific crosses between Sesamum onentale Linn and Sesamum 
prostratum Retz were effected reciprocally and the sterile hybrid was made 
fertile by artificial induction of amphidiploidy through colchicine The 
cytology of the parents and the hybrids was studied in detail 

Details of meiosis of Sesamum onentale, one of the parents employed 
have been worked out The peculiar persistence of the nucleus and its move- 
ments during the meiotic cycle are recorded The other parent Sesamum 
prostratum has also been cytologically studied 

The irregular metosis of the stenle hybrid and the occurrence of scattered 
bivalents and umvalents in the metaphase plate, leading to the ultimate 
formation of abnormal sporads have been desenbed fully 

The regular meiosis of the fertile amphidiploid is compared with the 
irregular meiosis of the stenle hybnd and the cause of this regularity is 
explained. 

The nucleolus with behaviour of the special regard to its persistence and 
movements is discussed 

Interspecific hybndisation as a guide to ancestral homology and the 
artificial synthesis of a new species are discussed in the light of cytological 
data gathered m the present investigation 

The ongm of the cultivated Til Sesamum onentale Linn from a putative 
ancestor having haploid number 7 through allopolyploidy is traced with 
the help of cytological details obtained in the hybrid meiosis 

The ongm of the wild Sesamum prostratum Retz is also traced to an 
ancestral form possessing haploid number of 8 chromosomes through auto- 
polyploidy, 
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